EP 1 865 730 A2

Européisches
Patentamt

European

Patent Office

Office européen
des brevets

(12)

(43) Date of publication:
12.12.2007 Bulletin 2007/50

(21) Application number: 07252255.0

(22) Date of filing: 05.06.2007

(11) EP 1 865 730 A2

EUROPEAN PATENT APPLICATION

(51) IntCl.:

HO4N 17/00 (2006.01)

(84) Designated Contracting States:

AT BEBG CHCY CZDE DK EE ES FIFRGB GR

HUIEISITLILT LU LV MC MT NL PL PT RO SE
SI SK TR

Designated Extension States:

AL BAHR MK YU

(30) Priority: 06.06.2006 JP 2006156936

(71) Applicant: Sony Corporation

(72) Inventors:

¢ Kimura, Seiji
Minato-ku, Tokyo (JP)

¢ Ogata, Masami
Minato-ku, Tokyo (JP)

(74) Representative: Tyson, Robin Edward

J.A. Kemp & Co.,
14 South Square,
Gray’s Inn

Minato-ku London WC1R 5JJ (GB)
Tokyo (JP)
(54) Video-signal processing method, program of video-signal processing method, recording

medium having recorded thereon program of video-signal processing method, and video-

signal processing apparatus

(57) A video-signal processing method for measur-
ing a noise level of an input video signal includes the
steps of detecting an intra-field or intra-frame feature for
each region that is set in the input video signal, the intra-
field or intra-frame feature representing a noise level in
the input video signal within a field or frame; checking
the intra-field or intra-frame feature against a noise-free-

region threshold, and excluding regions with which the
intra-field or intra-frame feature is less than the noise-
free-region threshold from subjects of noise-level meas-
urement; and outputting a result of noise-level measure-
ment by statistically processing the intra-field or intra-
frame features of regions remaining without being ex-
cluded.
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Description

[0001] The present invention contains subject matter
related to Japanese Patent Application JP 2006-156936
filed in the Japanese Patent Office on June 6, 2006, and
Japanese Patent Application JP 2007-108947 filed in the
Japanese Patent Office on April 18, 2007, the entire con-
tents of which are incorporated herein by reference.
[0002] The present invention relates to video-signal
processing methods, programs of video-signal process-
ing methods, recording media having recorded thereon
programs of video-signal processing methods, and vid-
eo-signal processing apparatuses. For example, the
present invention can be applied to noise filters that re-
duce noise in video signals. According to the present
invention, regions with extremely small noise levels are
excluded from subjects of noise-level measurement.
Thus, the accuracy of noise-level measurement can be
improved.

[0003] In various video-signal processing apparatus-
es, noise is removed from video signals, for example, by
an infinite impulse response (lIR) noise filter. Such a
noise filter generates a correction signal by correcting
the signal level of a noise signal component extracted
from video signals, and subtracting the correction signal
from the original video signals to reduce noise.

[0004] Thus, when the level of the correction signal is
too large, blurring occurs at object boundaries, texture
regions, or the like. Conversely, when the level of the
correction signal is too small, noise is not suppressed
sufficiently.

[0005] Thus, various video-signal processing appara-
tuses are configured so that the level of the correction
signal can be changed by an operation by an operator.
On the other hand, for example, Japanese Unexamined
Patent Application Publication No. 2001-136416 propos-
es techniques for automatically setting the level of the
correction signal on the basis of results of noise-level
measurement.

[0006] However, existing methods are not practically
sufficient to measure noise level accurately. Thus, it has
been difficult to remove noise appropriately.

[0007] Animproved accuracy of noise-level measure-
mentis desired for video-signal processing methods, pro-
grams of video-signal processing methods, recording
media having recorded thereon programs of video-signal
processing methods, and video-signal processing appa-
ratuses.

[0008] According to an embodiment of the present in-
vention, there is provided a first video-signal processing
method for measuring a noise level of an input video sig-
nal. The first video-signal processing method includes
the steps of detecting an intra-field or intra-frame feature
for each region that is set in the input video signal, the
intra-field or intra-frame feature representing a noise lev-
elinthe input video signal within afield or frame; checking
the intra-field or intra-frame feature against a noise-free-
region threshold, and excluding regions with which the
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intra-field or intra-frame feature is less than the noise-
free-region threshold from subjects of noise-level meas-
urement; and outputting a result of noise-level measure-
ment by statistically processing the intra-field or intra-
frame features of regions remaining without being ex-
cluded.

[0009] According to another embodiment of the
present invention, there is provided a first program of a
video-signal processing method for measuring a noise
level of an input video signal. The first program includes
the steps of detecting an intra-field or intra-frame feature
for each region that is set in the input video signal, the
intra-field or intra-frame feature representing a noise lev-
elinthe input video signal within afield or frame; checking
the intra-field or intra-frame feature against a noise-free-
region threshold, and excluding regions with which the
intra-field or intra-frame feature is less than the noise-
free-region threshold from subjects of noise-level meas-
urement; and outputting a result of noise-level measure-
ment by statistically processing the intra-field or intra-
frame features of regions remaining without being ex-
cluded.

[0010] According to another embodiment of the
present invention, there is provided a first recording me-
dium having recorded thereon a program of a video-sig-
nal processing method for measuring a noise level of an
input video signal. The program includes the steps of
detecting an intra-field or intra-frame feature for each re-
gion that is set in the input video signal, the intra-field or
intra-frame feature representing a noise level in the input
video signal within a field or frame; checking the intra-
field or intra-frame feature against a noise-free-region
threshold, and excluding regions with which the intra-field
or intra-frame feature is less than the noise-free-region
threshold from subjects of noise-level measurement; and
outputting a result of noise-level measurement by statis-
tically processing the intra-field or intra-frame features of
regions remaining without being excluded.

[0011] According to another embodiment of the
present invention, there is provided a first video-signal
processing apparatus for measuring a noise level of an
input video signal. The first video-signal processing ap-
paratus includes an intra-field or intra-frame feature de-
tector configured to detect an intra-field or intra-frame
feature for each region thatis set in the input video signal,
the intra-field or intra-frame feature representing a noise
level in the input video signal within a field or frame; a
noise-free-region processor configured to check the in-
tra-field or intra-frame feature detected by the intra-field
or intra-frame feature detector against a noise-free-re-
gion threshold, and to exclude regions with which the
intra-field or intra-frame feature is less than the noise-
free-region threshold from subjects of noise-level meas-
urement; and a noise-level measurement unit configured
to output a result of noise-level measurement by statis-
tically processing the intra-field or intra-frame features of
regions remaining without being excluded by the noise-
free-region processor.
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[0012] According to another embodiment of the
present invention, there is provided a second video-sig-
nal processing method for measuring a noise level of an
input video signal. The second video-signal processing
method includes the steps of detecting an intra-field or
intra-frame feature for each region that is set in the input
video signal, the intra-field or intra-frame feature repre-
senting a noise level in the input video signal within a
field or frame; detecting pixels having high correlation
with neighboring pixels from the input video signal, and
excluding regions including a large number of pixels hav-
ing high correlation with neighboring pixels from subjects
of noise-level measurement on the basis of results of the
detection; and outputting a result of noise-level meas-
urement by statistically processing the intra-field or intra-
frame features of regions remaining without being ex-
cluded.

[0013] According to another embodiment of the
present invention, there is provided a second program
of a video-signal processing method for measuring a
noise level of an input video signal. The second program
includes the steps of detecting an intra-field or intra-frame
feature for each region thatis setin the input video signal,
the intra-field or intra-frame feature representing a noise
level in the input video signal within a field or frame; de-
tecting pixels having high correlation with neighboring
pixels from the input video signal, and excluding regions
including a large number of pixels having high correlation
with neighboring pixels from subjects of noise-level
measurement on the basis of results of the detection;
and outputting a result of noise-level measurement by
statistically processing the intra-field or intra-frame fea-
tures of regions remaining without being excluded.
[0014] According to another embodiment of the
present invention, there is provided as second recording
medium having recorded thereon a program of a video-
signal processing method for measuring a noise level of
an input video signal. The program includes the steps of
detecting an intra-field or intra-frame feature for each re-
gion that is set in the input video signal, the intra-field or
intra-frame feature representing a noise level in the input
video signal within a field or frame; detecting pixels hav-
ing high correlation with neighboring pixels from the input
video signal, and excluding regions including a large
number of pixels having high correlation with neighboring
pixels from subjects of noise-level measurement on the
basis of results of the detection; and outputting a result
of noise-level measurement by statistically processing
theintra-field or intra-frame features of regions remaining
without being excluded.

[0015] According to another embodiment of the
present invention, there is provided a second video-sig-
nal processing apparatus for measuring a noise level of
an input video signal. The second video-signal process-
ing apparatus includes an intra-field or intra-frame fea-
ture detector configured to detect an intra-field or intra-
frame feature for each region that is set in the input video
signal, the intra-field or intra-frame feature representing

10

15

20

25

30

35

40

45

50

55

a noise level in the input video signal within a field or
frame; a noise-free-region processor configured to detect
pixels having high correlation with neighboring pixels
from the input video signal, and to exclude regions in-
cluding a large number of pixels having high correlation
with neighboring pixels from subjects of noise-level
measurement on the basis of results of the detection;
and a noise-level measurement unit configured to output
a result of noise-level measurement by statistically
processing the intra-field or intra-frame features of re-
gions remaining without being excluded.

[0016] With the first video-signal processing method,
program, recording medium, or video-signal processing
apparatus, noise level can be measured with regions
having extremely small noise levels excluded from sub-
jects of noise level measurement. For example, it is pos-
sible to refrain from measuring noise level in regions of
graphical user interfaces of a television receiver, an op-
tical disc recorder, or the like, or regions of caption infor-
mation or the like added during editing. Thus, the level
of noise mixed into video content signals can be meas-
ured accurately, so that the accuracy of noise-level
measurement can be improved.

[0017] With the second video-signal processing meth-
od, program, recording medium, or video-signal process-
ing apparatus, by effectively using correlation with neigh-
boring pixels, noise level can be measured with regions
having extremely small noise levels excluded from sub-
jects of noise level measurement. For example, it is pos-
sible to refrain from measuring noise level in regions of
graphical user interfaces of a television receiver, an op-
tical disc recorder, or the like, or regions of caption infor-
mation or the like added during editing. Thus, the level
of noise mixed into video content signals can be meas-
ured accurately, so that the accuracy of noise-level
measurement can be improved.

[0018] According to these embodiments of the present
invention, the accuracy of noise-level measurement can
be improved.

[0019] Embodiments of the invention will now be de-
scribed, by way of example only, with reference to the
accompanying drawings in which:

Fig. 1 is a block diagram of a noise-region detector
in a noise filter according to a first embodiment of
the present invention;

Fig. 2 is a block diagram showing the configuration
of the noise filter according to the first embodiment;
Fig. 3 is a block diagram showing the configuration
of a measurement unit in the noise filter shown in
Fig. 2;

Fig. 4 is a block diagram showing the configuration
of a reference-video-signal generator in the meas-
urement unit shown in Fig. 3;

Fig. 5 is a block diagram showing another example
configuration of the reference-video-signal genera-
tor shown in Fig. 4;

Fig. 6 is a block diagram showing the configuration
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of a difference-signal generator in the measurement
unit shown in Fig. 3;

Fig. 7 is a plan view for explaining a noise-region
detector in the measurement unit shown in Fig. 3;
Fig. 8 is a plan view showing another example
scheme as an alternative to Fig. 7;

Fig. 9 is a block diagram showing the configuration
of a measurement-validity checker in the noise-re-
gion detector shown in Fig. 1;

Fig. 10 is a block diagram showing the configuration
of a signal region divider in the measurement unit
shown in Fig. 3;

Fig. 11 is a block diagram showing the configuration
of a noise-level temporal smoother in the signal re-
gion divider shown in Fig. 10;

Fig. 12 is a block diagram showing the configuration
of afiltering unitin the noise-level temporal smoother
shown in Fig. 11;

Fig. 13 is a block diagram showing another example
configuration as an alternative to the configuration
shown in Fig. 12;

Fig. 14 is a block diagram showing the configuration
of the noise-region detector in the noise filter accord-
ing to the first embodiment;

Fig. 15 is a block diagram showing the configuration
of a saturation-corrected-activity calculator in the
noise-region detector shown in Fig. 14;

Fig. 16 is a graph showing a characteristic curve for
explaining an operation of the saturation-corrected-
activity calculator shown in Fig. 15;

Fig. 17 is a block diagram showing the configuration
of a measurement-validity checker in the noise-re-
gion detector shown in Fig. 14;

Fig. 18 is a block diagram showing the configuration
of a measurement-validity checker in a noise filter
according to a third embodiment of the present in-
vention;

Fig. 19 is a block diagram showing the configuration
of a minimum-activity calculator in the measure-
ment-validity checker shown in Fig. 18;

Fig. 20 is a graph showing a characteristics curve
for explaining an operation of the minimum-activity
calculator shown in Fig. 19;

Fig. 21 is a graph showing a characteristics curve
representing change in minimum activity calculated
by the minimume-activity calculator shown in Fig. 19;
Fig. 22 is a block diagram showing the configuration
of a measurement-validity checker in a noise filter
according to a fourth embodiment of the present in-
vention;

Fig. 23 is a block diagram showing the configuration
of a minimum-activity calculator in the measure-
ment-validity checker shown in Fig. 22;

Fig. 24 is a block diagram showing the configuration
of a measurement unit is a noise filter according to
a fifth embodiment of the present invention;

Fig. 25 is a block diagram showing the configuration
of a noise-region detector in the measurement unit
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shown in Fig. 24;

Fig. 26 is a graph showing a characteristics curve
representing ordinary frequency characteristics of
video signals;

Fig. 27 is a graph showing a characteristics curve
representing ordinary frequency characteristics of
noise;

Fig. 28 is a block diagram showing the configuration
of a measurement-validity checker in the noise-re-
gion detector shown in Fig. 25;

Fig. 29 is a block diagram showing the configuration
of a noise-level measurement unit in the measure-
ment unit shown in Fig. 24;

Fig. 30 is a block diagram showing the configuration
of a measurement unit in a noise filter according to
a sixth embodiment of the present invention;

Fig. 31 is a block diagram showing the configuration
of a noise-level measurement unit in the measure-
ment unit shown in Fig. 30;

Fig. 32 is a block diagram showing the configuration
of a measurement unit in a noise filter according to
a seventh embodiment of the present invention;
Fig. 33 is a block diagram showing the configuration
of a measurement unit in a noise filter according to
an eighth embodiment of the present invention;
Fig. 34 is a block diagram showing the configuration
of a noise-region detector in the measurement unit
shown in Fig. 33;

Fig. 35 is a block diagram showing the configuration
of a noise-level measurement unit in the measure-
ment unit shown in Fig. 33;

Fig. 36 is a block diagram showing the configuration
of a measurement unit in a noise filter according to
a ninth embodiment of the present invention;

Fig. 37 is a block diagram showing the configuration
of a noise filter according to a tenth embodiment of
the present invention;

Fig. 38 is a block diagram showing the configuration
of a noise-region detector in the noise filter shown
in Fig. 37;

Fig. 39 is a block diagram showing the configuration
of a measurement-validity checker in the noise-re-
gion detector shown in Fig. 38;

Fig. 40 is a graph showing a characteristic curve for
explaining an operation of the measurement-validity
checker shown in Fig. 39;

Fig. 41 is a block diagram showing the configuration
of anoise extractor in the noise filter shown in Fig. 37;
Fig. 42 is a graph showing a characteristic curve for
explaining an operation of the noise extractor shown
in Fig. 41;

Figs.43A and 43B are graphs showing characteristic
curves for explaining operations of a non-linear-
characteristics setting unit in the noise extractor
shown in Fig. 41;

Figs. 44A and 44B are graphs showing another ex-
ample of characteristic curves for explaining opera-
tions of a non-linear-characteristics setting unitin the
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noise extractor shown in Fig. 41;

Fig. 45 is a block diagram showing the configuration
of a noise subtractor in the noise filter shown in Fig.
37;

Fig. 46 is a graph showing a characteristics curve
for explaining an operation of the noise subtractor
shown in Fig. 45;

Fig. 47 is a graph showing another example of char-
acteristics curve for explaining an operation of the
noise subtractor shown in Fig. 45;

Fig. 48 is a block diagram showing the configuration
of anoise filter according to an eleventh embodiment
of the present invention;

Fig. 49 is a block diagram showing the configuration
of a noise-region detector in the noise filter shown
in Fig. 48;

Fig. 50 is a graph showing a characteristics curve
for explaining an operation of the noise-region de-
tector shown in Fig. 49;

Fig. 51 is a block diagram showing the configuration
of anoise extractor in the noise filter shown in Fig. 48;
Fig. 52 is a block diagram showing the configuration
of a noise filter according to a twelfth embodiment
of the present invention;

Fig. 53 is a block diagram showing the configuration
of anoise extractor in the noise filter shown in Fig. 52;
Fig. 54 is a block diagram showing the configuration
of a noise filter according to a thirteenth embodiment
of the present invention;

Fig. 55 is a block diagram showing the configuration
of a noise-region detector in a noise filter according
to a fourteenth embodiment of the present invention;
Fig. 56 is a plan view for explaining an operation of
a noise-free-pixel detector in the noise-region detec-
tor shown in Fig. 55;

Fig. 57 is a block diagram showing the configuration
of a noise-free-pixel detector in the noise-region de-
tector shown in Fig. 55;

Fig. 58 is a plan view for explaining an operation of
the noise-free-pixel detector shown in Fig. 57;

Fig. 59 is a block diagram showing the configuration
of a noise-free-mixed-region detector in the noise-
region detector shown in Fig. 55;

Figs. 60A and 60B are plan views for explaining op-
erations of the noise-free-mixed-region detector
shown in Fig. 59;

Fig. 61 is a block diagram showing the configuration
of a noise-region detector in a noise filter according
to a fifteenth embodiment of the present invention;
and

Fig. 62 is block diagram showing the configuration
of a noise-region detector in a noise filter according
to a sixteenth embodiment of the present invention.

[0020] Now, embodiments of the presentinvention will
be described with reference to the drawings.
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First Embodiment
(1) Configuration of the Embodiment

[0021] Fig. 2 is a block diagram of a noise filter used
in a video-signal processing apparatus according to an
embodiment of the present invention. Referring to Fig.
2, a noise filter 1 is an infinite-impulse-response (lIR)
noise filter. By effectively using correlation between suc-
cessive fields or frames, the noise filter 1 removes noise
from an input video signal S1 to output an output video
signal S2.

[0022] More specifically, a delayed-signal generator 2
delays the output video signal S2 to output a delayed
signal S3 for extracting a noise component. Alternatively,
the delayed signal S3 may be generated by motion-com-
pensation of the output video signal S2. A subtracting
circuit 3 subtracts the delayed video signal S3 from the
input video signal S1 to generate a noise signal compo-
nent S4. A signal-level correcting circuit 4 corrects the
signal level of the noise signal component S4 to generate
a correction signal S5. A subtracting circuit 5 subtracts
the correction signal S5 from the input video signal S1
to generate the output-video signal S2.

[0023] Ameasurementunit6 measuresthe signallevel
of a noise signal component in the input video signal S1
to output a measurement result S7. The signal-level cor-
recting circuit 4 changes the signal level of the correction
signal S5 according to the measurement result S7.
[0024] Fig. 3 is a block diagram showing the measure-
ment unit 6 in detail. In the measurement unit 6, a refer-
ence-video-signal generator 11 delays the input video
signal S1 by a period corresponding to one field or one
frame to output a reference video signal S11. More spe-
cifically, the reference-video-signal generator 11 motion-
compensates the input video signal S1 to generate the
reference video signal S11.

[0025] More specifically, referring to Fig. 4, in the ref-
erence-video-signal generator 11, a delayed-signal gen-
erator 12 delays the input video signal S1 by a period
corresponding to one field or one frame to generate a
delayed video signal S12. Then, a motion-vector detector
13 detects a motion vector MV from the input video signal
S1 with reference to the delayed video signal S12. The
motion vector MV can be detected by various motion-
vector detecting methods, such as a block matching
method or a gradient method. Furthermore, the precision
of the motion vector MV may be integer pixel precision
or decimal pixel precision.

[0026] A motion-compensated-video-signal generator
14 motion-compensates the delayed video signal S12
using the motion vector MV to output the reference video
signal S11. Alternatively, the reference video signal S11
may be generated by simply delaying the input video sig-
nal S1 by a period corresponding to one field or one frame
by the delayed video signal S12 as shown in Fig. 5, when
this suffices to achieve practically sufficient characteris-
tics of the reference video signal S11.
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[0027] Referring to Fig. 6, a difference-signal genera-
tor 16 subtracts the reference video signal S11 from the
input video signal S1 by a subtracting circuit 17 to output
a difference signal S16 representing an inter-field differ-
ence or an inter-frame difference.

[0028] Referringbackto Fig. 3, a noise-region detector
18 defines a plurality of regions in one field or frame rep-
resented by the input video signal S1. For each of the
regions, the noise-region detector 18 generates and out-
puts a signal (hereinafter referred to as an activity) S1A
representing a degree of variation among pixel values in
the input video signal S1, which serves as a feature in a
pixel region in one field or frame of video signal (herein-
after referred to as an intra-field or intra-frame feature).
Furthermore, for each region corresponding to each re-
gion of the input video signal S1, the noise-region detec-
tor 18 generates and outputs an activity S11A in the ref-
erence video signal S11 and an activity S16A in the dif-
ference signal S16. Furthermore, the noise-region de-
tector 18 checks the validity of use of each of these ac-
tivities S1A, S11A, and S16A in noise level measure-
ment, and noise-region identification flags S1F, S11F,
and S16F indicating whether these regions are suitable
for noise level measurement.

[0029] Fig. 1 is a block diagram showing the noise-
region detector 18 in detail. In the noise-region detector
18, a signal region divider 20 divides one field or one
frame of the input video signal S1 horizontally and verti-
cally into a plurality of regions, as shown in Fig. 7. The
signal region divider 20 divides each of the input video
signal S1, the reference video signal S11, and the differ-
ence signal S16 into regions, and outputs the input video
signal S1, the reference video signal S11, and the differ-
ence signal S16 collectively for each region. The input
video signal S1, the reference video signal S11, and the
difference signal S16 divided into regions and output on
a region-by-region basis will be referred to as a partial
input video signal S1P, a partial reference video signal
S11P, and a partial difference signal S16P. Furthermore,
as shown in Fig. 8 in comparison with Fig. 7, regions may
be defined so that adjacent regions partially overlap each
other.

[0030] A pixel-region feature extractor 21 receives the
partial input video signal S1P, the partial reference video
signal S11P, and the partial difference signal S16P, and
processes these signals on a region-by-region basis, and
detects an activity S1A, S11A, and S16A in the input
video signal S1, the reference video signal S11, and the
difference signal S16, respectively, for each region. Each
of the activities S1A, S11A, and S16A may be obtained
by calculating a variance of signals in the relevant region,
or by calculating a squared average of pixel values, an
absolute average of pixel values, a standard deviation of
pixel values, or the like.

[0031] Furthermore, for each region, the pixel-region
feature extractor 21 calculates average values S1PAve
and S11PAuve of pixel values in the input video signal S1
and the reference video signal S11, respectively.
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[0032] A saturated-region detector 22 checks the av-
erage values S1PAve and S11PAve of pixel values in
the input video signal S1 and the reference video signal
S11, calculated by the pixel-region feature extractor 21,
against predetermined thresholds SminTh and SmaxTh,
and outputs saturation flags S1PAveF and S11PAveF
indicating the possibility of occurrence of clipping of pixel
values of the input video signal S1 and the reference
video signal S11 in each region due to the effect of a
dynamic range. The clipping herein refers to white clip-
ping and black clipping. The thresholds SminTh and
SmaxTh are thresholds on the black-level side and the
white-level side, respectively. Thus, when S1PAve <
SminTh or S1PAve > SmaxTh is satisfied, the saturated-
region detector 22 turns on the saturation flag S1PAveF
for the input video signal S1. Similarly, when S11PAve
< SminTh or S11PAve > SmaxTh is satisfied, the satu-
rated-region detector 22 turns on the saturation flag
S11PAveF for the reference video signal S11.

[0033] When the pixel values of video signals are
clipped due to the effect of the dynamic range, noise su-
perposed on the video signals is also clipped. Thus, in
the region where clipping has occurred, it is not possible
to measure noise level correctly. Thus, for each region,
the saturated-region detector 22 checks the each of the
average values S1PAve and S11PAve of pixel values in
the input video signal S1 and the reference video signal
S11 against the predetermined thresholds SminTh and
SmaxTh to detect regions not suitable for noise level
measurement, and outputs results of detection in the
form of the saturation flags S1PAveF and S11PAveF.
[0034] A noise-free-region detector 23 receives input
of the activities S1A, S11A, and S16A of the input video
signal S1, the reference video signal S11, and the differ-
ence signal S16, detects noise-free regions in the input
video signal S1, the reference video signal S11, and the
difference signal S16, and outputs noise-free-region de-
tection flags SINFF, S11NFF, and S16NFF. The noise
free regions refer to regions of graphical user interfaces
of a television receiver, an optical disc recorder, or the
like, regions displaying caption information or the like
added during editing, or the like. It is estimated that noise
is substantially absent on signals in the noise-free re-
gions.

[0035] The noise-free-region detector 23 checks each
of the values lact of the activities S1A and S11A of the
input video signal S1 and the reference-video-signal gen-
erator 11 in each region against a predetermined thresh-
old INFTh. When lact < INFTh is satisfied, the noise-free-
region detector 23 turns on the noise-free-region detec-
tion flag STNFF or S11NFF for the input video signal S1
or the reference video signal S11. Furthermore, the
noise-free-region detector 23 checks the value Pact of
the activity S16A of the difference signal S16 in each
region against a predetermined threshold PNFTh. When
Aact < PNFThis satisfied, the noise-free-region detector
23 turns on the noise-free-region detection flag S16NFF
for the difference signal S16.
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[0036] A measurement-validity checker 24 processes
the saturation flags S1PAveF and S11PAveF and the
noise-free-region detection flags STNFF, S11NFF, and
S16NFF to output the noise-region identification flags
S1F, S11F, and S16F.

[0037] Fig.9is ablock diagram showing the measure-
ment-validity checker 24 in detail. In the measurement-
validity checker 24, a measurement-prohibited-region
checker 27 executes a logic operation on the saturation
flags S1PAveF and S11PAveF and the noise-free-region
detection flags STINFF, S11NFF, and S16NFF for each
of the input video signal S1, the reference video signal
S11, and the difference signal S16 to output measure-
ment-prohibited-region checking flags S1NF, S11NF,
and S16NF indicating whether the relevant regions are
unsuitable for noise measurement.

[0038] More specifically, when any of the saturation
flag S1PAveF and the noise-free-region identification
flag STNFF for the input video signal S1 is ON, the meas-
urement-prohibited-region checker 27 turns on the
measurement-prohibited-region checking flag S1NF for
the input video signal S1 in the relevant region. Further-
more, when any of the saturation flag S11PAveF and the
noise-free-region identification flag S11NFF for the ref-
erence video signal S11 is ON, the measurement-pro-
hibited-region checker 27 turns on the measurement-
prohibited-region checking flag S11NF for the reference
video signal S11 in the relevant region. Furthermore,
when the noise-free-region identification flag S16NFF for
the difference signal S16 is ON, the measurement-pro-
hibited-region checker 27 turns on the measurement-
prohibited-region checking flag S16NF for the difference
signal S16 in the relevant region.

[0039] An amplification circuit 28 corrects the value of
the activity S16A of the difference signal S16 in accord-
ance with the activity S1A of the input video signal S1
and the activity S11A of the reference video signal S11,
and outputs the result.

[0040] For each region, a minimum-activity calculator
29 selects activity or activities for which the associated
measurement-prohibited-region checking flag S1NF,
S11NF, or S16NF is not turned on from the activity S1A
of the input video signal S1, the activity S11A of the ref-
erence video signal S11, and the activity S16A of the
difference signal S16 output from the amplification circuit
28. Furthermore, the minimum-activity calculator 29 se-
lects an activity with a minimum value from the selected
activities. Furthermore, the minimum-activity calculator
29 selects an activity with a minimum value in one field
or one frame from the activities with minimum values in
the individual regions. The minimum-activity calculator
29 outputs the selected activity with the minimum value
in one field or one frame as a minimum activity MinAct.
Instead of detecting the minimum activity MinAct in one
field or one frame, it is possible to record and maintain
activities for which the associated measurement-prohib-
ited-region checking flag S1INF, S11NF, or S16NF is not
turned on among the activities S1A, S11A, and S16A in
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one field or one frame, and to output an average of a
predetermined number of activities with smaller values
selected from the activities recorded and maintained.
[0041] A threshold setting unit 30 calculates a maxi-
mum threshold ActMaxTh1 for checking the activities
S1A, S11A, and S16A on the basis of the minimum ac-
tivity MinAct. More specifically, the threshold setting unit
30 multiplies the minimum activity MinAct by a constant
Asd that is determined according to the area of the as-
sociated region, thereby calculating a first intermediate
value EstSD (= MinAct x Asd) for calculating the upper
threshold ActMaxTh1. Similarly, the threshold setting unit
30 multiplies the minimum activity MinAct with a constant
Amean that is determined according to the area of the
associated region, thereby calculating a second interme-
diate value EstMean (= MinAct x Amean) for calculating
the upper threshold ActMaxTh1. Furthermore, the
threshold setting unit 30 multiplies the first intermediate
value EstSD by a constant ActThFactor1 and adds the
resultto the second intermediate value EstMean, thereby
calculating the upper threshold ActMaxTh1 (= EstMean
+ EstSD x ActThFactor1). The constant ActThFactorl is
a constant that is determined in view of noise distribution.
Thus, the threshold setting unit 30 predicts the upper
threshold ActMaxTh1 with reference to the minimum ac-
tivity MinAct, with which it is determined whether the ac-
tivities S1A, S11A, or S16A detected in each region is
not attributable only to noise.

[0042] An effective-noise-region and activity selector
31 sets the noise-region identification flags S1F, S11F,
and S16F on the basis of the upperthreshold ActMaxTh1,
the minimum activity MinAct, and the measurement-pro-
hibited-region checking flags S1NF, S11NF, and S16NF.
More specifically, when the measurement-prohibited-re-
gion checking flag S1INF, S11NF, or S16NF is ON, ob-
viously, the associated activity S1A, S11A, or S16A is
not suitable for noise level measurement. Thus, in this
case, the effective-noise-region and activity selector 31
turns on the noise-region identification flag S1F, S11F,
or S16F of the associated signal S1A, S11A, or S16A.
Furthermore, even when the measurement-prohibited-
region checking flag S1NF, S11NF, or S16NF is not
turned on, if the value of the associated activity S1A,
S11A, or S16A is less than the minimum activity MinAct
or greater than the upper threshold ActMaxTh1, it is not
so suitable to use the activity for noise level measure-
ment. Thus, also in this case, the effective-noise-region
and activity selector 31 turns off the associated noise-
region identification flag S1F, S11F, or S16F.

[0043] Referring backto Fig. 3, a noise-level measure-
ment unit 35 processes the noise-region identification
flags S1F, S11F, and S16F and the activities S1A, S11A,
and S16Ato output a noise-level measurement result S7.
[0044] More specifically, referring to Fig. 10, in the
noise-level measurement unit 35, a noise-region statis-
tical-value calculator 37 statistically processes the activ-
ities S1A, S11A, and S16A of regions suitable for noise-
level measurement, i.e., regions for which the noise-re-
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gion identification flag S1F, S11F, or S16F is turned on,
and thereby outputs a representative activity ACT repre-
senting the activities S1A, S11A, and S16A. The statis-
tical processing detects an activity that is dominant
among the activities S1A, S11A, and S16A of the regions
for which the noise-region identification flag S1F, S11F,
or S16A is turned on. For example, an average, a median
of distribution, or a mode of histogram is obtained through
the statistical processing. The noise-region statistical-
value calculator 37 calculates and outputs a represent-
ative activity ACT for each field or each frame. Alterna-
tively, the noise-region statistical-value calculator 37 may
calculate and output a representative activity ACT for
each set of a plurality of fields or a plurality of frames.
[0045] Furthermore, the noise-region statistical-value
calculator 37 counts the number of the activities S1A,
S11A, and S16A for which the noise-region identification
flag S1F, S11F, or S16F is turned on, and thereby cal-
culates and outputs the number n of the activities S1A,
S11A, and S16A used to calculate the representative ac-
tivity ACT.

[0046] A noise-level converter 36 converts the repre-
sentative activity ACT into a noise level and outputs the
noise level. More specifically, in the noise-level converter
36, an amplification circuit 38 multiplies the value of the
representative activity ACT calculated by the noise-re-
gion statistical-value calculator 37 by a gain AK, thereby
correcting the value of the representative activity ACT to
a signal level corresponding to an average noise level
AveN. The gain AKiis a constant that is set in accordance
with the value of the upper threshold ActMaxTh1.
[0047] A measurement-prohibition checker 39 checks
the number n of the activities S1A, S11A, and S16A used
to calculate the representative activity ACT by the noise-
region statistical-value calculator 37 against a predeter-
mined threshold. When the number n is less than the
threshold, the measurement-prohibition checker 39 out-
puts a checking signal NG indicating that noise level
measurement is difficult.

[0048] A noise-level temporal smoother 40 smoothes
the average noise levels AveN calculated by the noise-
region statistical-value calculator 37 on the basis of the
checking signal NG to output a noise-level measurement
result S7. More specifically, referring to Fig. 11, in the
noise-level temporal smoother 40, the average noise lev-
els AveN are input to a filtering unit 42 via a switching
circuit 41 that is turned on in response to falling of the
checking signal NG. Referring to Fig. 12, the filtering unit
42 is implemented by a finite-impulse-response (FIR)
low-pass filter circuit including a plurality of stages of de-
laying circuit D1 to D4 that sequentially delay an input
signal IN, multiplying circuits MO to M4 that weight the
input signal IN and output signals of the delaying circuits
D1 to D4 by filter coefficients hO to h4, and adding circuits
AD1 to AD4 that add together output signals of the mul-
tiplying circuits MO to M4. The filtering unit 42 smoothes
the average noise levels AveN sequentially input via the
switching circuit 41, according to the filter coefficients hO
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to h4 set by a filter-characteristics controller 44. Alterna-
tively, the filtering unit 42 may be implemented by an
infinite-impulse-response (lIR) low-pass filter including a
delaying circuit D that delays an output signal OUT, am-
plifying circuits MBA and MAB that amplify an output sig-
nal of the delaying circuit D and an input signal IN, re-
spectively, and an adding circuit AD that adds together
the signals amplified by the amplifying circuits MBA and
MAB.

[0049] The noise-level temporal smoother 40 outputs
an output signal of the filtering unit 42 as a noise-level
measurement result S7 via a switching circuit 45 that is
turned on in response to falling of the checking signal
NG and a switching circuit 46 that is switched according
to the checking signal NG.

[0050] In the noise-level temporal smoother 40, a pre-
vious-value storage unit 47 sequentially latches and out-
puts signals output from the filtering unit 42, input via the
switching circuit 45 in response to falling of the checking
signal NG. Furthermore, the previous-value storage unit
47 stops the latching operation in response to rising of
the checking signal NG, so that a signal output from the
filtering unit 42 is held and output in response to rising
of the checking signal NG. In response to rising of the
checking signal NG, in the noise-level temporal smoother
40, the switching circuit 46 is switched from the side of
the switching circuit 45 to the side of the previous-value
storage unit47, so that a noise-level measurement result
S7 is output from the previous-value storage unit 47.
[0051] A subtracting circuit 48 calculates and outputs
adifference between the noise-level measurement result
S7 output from the previous-value storage unit 47 and
the input average noise level AveN.

[0052] The filter-characteristics controller 44 receives
input of the noise-level measurement result S7 output
from the previous-value storage unit 47, and also re-
ceives input of the difference between the noise-level
measurement result S7 and the average noise level
AveN via the subtracting circuit 48. Then, the filter-char-
acteristics controller 44 controls the characteristics of the
filtering unit 42 according to the measurement result and
the difference. More specifically, when the difference is
large, since the large difference indicates an intense
change in the noise-level measurement result S7, the
filter-characteristics controller 44 enhances smoothing
by the filtering unit 42. Also, when the average noise level
AveNis large, a considerable variation presumably exists
in the noise-level measurement result S7, so that the
filter-characteristics controller 44 enhances smoothing
by the filtering unit 42. The setting of smoothing may be
determined in accordance of the configuration of circuits
at a subsequent stage where the noise-level measure-
ment result S7 is used, and smoothing may be omitted.

(2) Operation of the Embodiment

[0053] Inthe configuration described above, the video
signal S1 is sequentially input to the noise filter 1 (Fig.
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2), and the subtracting circuit 5 subtracts the correction
signal S5 from the input video signal S1 to suppress
noise, whereby the output video signal S2 is output. Re-
garding the input video signal S1, the output video signal
S2 is delayed by the delayed-signal generator 2 to gen-
erate the delayed video signal S3, and the delayed video
signal S3 is subtracted from the input video signal S1 by
the subtracting circuit 3 to generate the noise signal com-
ponent S4. Furthermore, the signal level of the noise sig-
nal component S4 is corrected by the signal-level cor-
recting circuit 4 to generate the correction signal S5.
[0054] Thus, when the signal level of the correction
signal S5 is small relative to the noise level, noise in the
input video signal S1 is not sufficiently suppressed by
the noise filter 1, so that image quality is not improved
sufficiently. Conversely, when the signal level of the cor-
rection signal S5 is large relative to the noise level, high-
frequency components of the video content is also sup-
pressed, so that blurring occurs at object boundaries,
texture regions, etc.

[0055] Thus, regarding the input video signal S1, the
noise level is measured by the measurement unit 6, and
the gain of the signal-level correcting circuit 4 is controlled
according to the noise-level measurement result S7, so
that the signal level of the correction signal S5 is adjusted
appropriately. However, when the noise level is not
measured correctly by the measurement unit 6, it is dif-
ficult to adjust the signal level of the correction signal S5
appropriately.

[0056] Thus,inthe measurementunit6, the inputvideo
signal S1 (Fig. 3) is input to the signal region divider 20
(Fig. 1) of the noise-region detector 18 and divided into
signals of individual regions defined in one field or frame
(Figs. 7 and 8), and the pixel-region feature extractor 21
detects an activity S1A indicating a degree of variation
among pixel values for each of the regions.

[0057] The activity S1A detected from the input video
signal S1 increases as the noise level increases, so that
the activity S1A indicates the noise level. However, in
various video apparatuses, in some cases, various video
components, such as video components for a graphical
user interface or the like, are included in the input video
signal S1. Furthermore, in some cases, caption informa-
tion is added during editing. In these video components
or information, noise is smaller than in other portions of
the input video signal S1. That is, these portions are flat
portions with small variation in pixel values. Thus, it is
not possible to suppress noise sufficiently by adjusting
the gain of the signal-level correcting circuit 4 on the basis
of the noise level detected for these portions.

[0058] Thus, in the measurement unit 6, regarding the
input video signal S1, the noise-free-region detector 23
checks the value lact of the activity S1A against the pre-
determined threshold INFTh to detect regions with ex-
tremely small noise levels, thereby detecting regions of
caption information or the like. More specifically, regard-
ing the input video signal S1, when the value lact of the
activity S1A is less than the predetermined threshold
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INFTh, it is determined that the relevant region is not
suitable for noise level measurement, so that the noise-
free-region detection flag STNFF is turned on.

[0059] Furthermore, for example, when the input video
signal S1 is obtained by playback by an optical disc re-
corder, itis predicted that noise components superposed
at the time of input to the optical disc recorder could be
partially suppressed due to the dynamic range of the re-
cording and playback system of the optical disc recorder.
Inthis case, itis not possible to suppress noise sufficiently
by adjusting the gain of the signal-level correcting circuit
4 on the basis of the noise level detected for such a sup-
pressed portion.

[0060] Thus, regarding the input video signal S1, the
pixel-region feature extractor 21 calculates an average
value S1PAve of pixel values for each region. Further-
more, the saturated-region detector 22 checks the aver-
age value S1PAve against the predetermined thresholds
SminTh and SmaxTh, and the saturation flag S1PAveF
is turned on when the relevant region is a white-level-
side region or a black-level-side region where noise could
be suppressed.

[0061] Regarding the input video signal S1, the noise
level is measured by the measurement-validity checker
24 and the noise-level measurement unit 35 selectively
processing the activities S1A of regions for which the
saturation flag S1PAveF and the noise-free-region de-
tection flag S1NFF are turned off. Thus, the measure-
ment unit 6 can measure the noise level with animproved
accuracy.

[0062] However, the activity S1A obtained from the in-
put video signal S1 includes high-frequency components
of the video content as well as noise components. Thus,
when the signal levels of the high-frequency components
are large, a considerable error occurs in noise-level
measurement.

[0063] Thus, the reference-video-signal generator 11
delays and motion-compensates the input video signal
S1 to generate the reference video signal S11 (Figs. 4
and 5), and the difference-signal generator 16 generates
the difference signal S16 between the input video signal
S1 and the reference video signal S11 (Fig. 6). Further-
more, the signal region divider 20 (Fig. 1) of the noise-
region detector 18 divides the difference signal S16 into
signals of individual regions defined in one field or frame
(Figs. 7 and 8) similarly to the case of the input video
signal S1, and the pixel-region feature extractor 21 de-
tects an activity S16A for each of the regions. Further-
more, the reference video signal S11 used to generate
the difference signal S16 is also processed similarly to
the input video signal S1 so that an activity S11A is de-
tected for each of the regions.

[0064] Since the difference signal S16 represents the
difference between successive fields or frames, when
motion compensation is executed correctly, the activity
S16A of the difference signal S16 is not affected by high-
frequency components of the video content of the input
video signal S1 and thus indicates the correct noise level.
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However, when motion compensation is executed incor-
rectly, an incorrect noise level is detected. Thus, in some
cases, it is more suitable to use the activity S1A of the
input video signal S1 in order to measure the noise level
correctly.

[0065] Furthermore, temporary changes in image
quality can also occur, for example, due to scene change,
flash, or the like. In this case, the noise level can be meas-
ured more suitably by using the reference video signal
S11.

[0066] Thus, inthe measurementunit6, the noise level
of the input video signal S1 is measured using the activ-
ities S11A and S16A of the reference video signal S11
and the difference signal S16 in addition to the activity
S1A of the input video signal S1. This serves to improve
the accuracy of noise-level measurement.

[0067] Furthermore, regarding the reference video sig-
nal S11, similarly to the input video signal S1, noise could
be suppressed partially due to the dynamic range of the
recording and playback system or the like. Furthermore,
the noise level could be detected incorrectly in regions
of caption information or the like. Thus, similarly to the
input video signal S1, the saturation flag S11PAveF and
the noise-free-region detection flag S11NFF are set
through processing by the saturated-region detector 22
and the noise-free-region detector 23. This also serves
to improve the accuracy of noise-level measurement.
[0068] As for the difference signal S16, the noise-free-
region detector 23 sets the noise-free-region detection
flag S16NFF. This also serves to improve the accuracy
of noise-level measurement. Regarding the difference
signal S16, it is not possible to check an average value
against a threshold and thereby detect a portion where
noise is partially suppressed, so that a saturation flag is
not set in the measurement unit 6. However, a saturation
flag may be set using the saturation flag S1PAveF and/or
the saturation flag S11PAveF set for the input video sig-
nal S1 and/or the reference video signal S11, from which
the difference signal S16 is generated.

[0069] In the measurement unit 6, on the basis of the
saturation flags S1PAveF and S11PAveF and the noise-
free-region detection flags S1NFF, S11NFF, and
S16NFF, the noise level of the input video signal S1 is
measured by the measurement-validity checker 24 and
the noise-level measurement unit 35 selectively process-
ing the three types of activities S1A, S11A, and S16A.
Thus, the measurement unit 6 can measure the noise
level with an improved accuracy.

[0070] More specifically, for each of the input video
signal S1 and the reference video signal S11, the meas-
urement-prohibited-region checker 27 of the measure-
ment-validity checker 24 (Figs. 1 and 9) detects regions
for which any of the saturation flag S1PAveF or
S11PAveF and the noise-free-region detection flag
S1NFF or S11NFF is turned on, and turns on the meas-
urement-prohibited-region checking flags S1NF and
S11NF indicating that the regions are not suitable for
noise-level measurement. Furthermore, regarding the
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difference signal S16, the measurement-prohibited-re-
gion checker 27 detects regions for which the noise-free-
region detection flag S16NFF is turned on, and turns on
the measurement-prohibited-region checking flag
S16NF for each of the regions.

[0071] Regarding the input video signal S1, the activ-
ities S1A, S11A, and S16A of regions for which the meas-
urement-prohibited-region checking flag SINF, S11NF,
or S16NF is turned on are not used for noise-level meas-
urement by the noise-level measurement unit 35. Thus,
on the basis of the results of detection by the saturated-
region detector 22 based on the average values of pixel
values (the flags S1PAveF and S11PAveF) and the re-
sults of detection by the noise-free-region detector 23
based on the activities S1A, S11A. and S16A (the flags
S1NFF, S11NFF, and S16NFF), regions that are not suit-
able for noise-level measurement are excluded. This
serves to improve the accuracy of noise-level measure-
ment.

[0072] However, even if regions that are not suitable
for noise-level measurement are excluded on the basis
of the results of detection based on the average values
of pixel values and the results of detection based on the
activities S1A, S11A, and S16A as described above, de-
pending on the nature of the input video signal S1, re-
gions that are not suitable for noise-level measurement
could still exist. It is assumed that noise is superposed
substantially uniformly over the entirety of one field or
frame. Thus, when regions that are not suitable for noise-
level measurement are excluded on the basis of the re-
sults of detection based on the average values of pixel
values and the results of detection based on the activities
S1A, S11A, and S16A, regions with activities that differ
considerably from activities detected in other regions are
likely to include high-frequency components other than
noise.

[0073] Thus, regarding the input video signal S1, fur-
thermore, the minimume-activity calculator 29 selects ac-
tivities S1A, S11A, and S16A for which the associated
measurement-prohibited-region checking flag S1NF,
S11NF, or S16NF is not turned on, and detects a mini-
mum activity MinAct having a minimum value in one field
or frame. Furthermore, an upper threshold ActMaxTh1
is set with reference to the minimum activity MinAct.
[0074] Furthermore, in the effective-noise-region and
activity selector 31, regarding the input video signal S1,
the activities S1A, S11A, and S16A are checked on the
basis of the minimum activity MinAct and the upper
threshold ActMaxTh1 to detect regions with activities that
considerably differ from activities of detected for other
regions, thereby detecting regions that are not suitable
for noise-level measurement. Regarding the input video
signal S1, the regions that are not suitable for noise-level
measurement, detected on the basis of the minimum ac-
tivity MinAct and the upper threshold ActMaxTh1, are
also excluded. This serves to further improve the accu-
racy of noise-level measurement.

[0075] The minimum activity MinAct and the upper
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threshold ActMaxTh1 may be determined for each of the
reference video signal S11, the reference video signal
S11, and the difference-signal generator 16 and used for
checking of the associated activity S1A, S11A, or S16A.
Alternatively, the minimum activity MinAct and the upper
threshold ActMaxTh1 may be determined on the basis
of the distribution of the activities S1A, S11A, and S16A.
When the minimum activity MinAct and the upper thresh-
old ActMaxTh1 is determined on the basis of the distri-
bution of the activities S1A, S11A, and S16A, for exam-
ple, the minimum activity MinAct and the upper threshold
ActMaxTh1 is determined by estimating noise distribu-
tion and using a standard deviation of the noise distribu-
tion.

[0076] Regarding the input video signal S1, consider-
ing the regions that are determined as not suitable for
noise-level measurement on the basis of the measure-
ment-prohibited-region checking flags S1NF, S11NF,
and S16NF, and also considering the regions that are
determined as not suitable for noise-level measurement
on the basis of the minimum activity MinAct and the upper
threshold ActMaxTh1, the effective-noise-region and ac-
tivity selector 31 turns on the noise-region identification
flags S1F, S11F, and S16F indicating regions that are
suitable for noise-level measurement of the signals S1,
S11, and S16.

[0077] Regarding the input video signal S1 (Fig. 10),
in the noise-region statistical-value calculator 37, on the
basis of the noise-region identification flags S1F, S11F,
and S16F, the activities S1A, S11A, and S16A of the
regions suitable for noise-level measurement are selec-
tively obtained, and the selected activities S1A, S11A,
and S16A are statistically processed on a field-by-field
or frame-by-frame basis, thereby detecting a represent-
ative activity ACT. Furthermore, the number n of the ac-
tivities S1A, S11A, and S16A used to calculate the rep-
resentative activity ACT is calculated.

[0078] Regarding the input video signal S1 (Figs. 10
and 11), the representative activity ACT is converted into
an average noise level AveN, and the average noise level
AveN is smoothed by the noise-level temporal smoother
40, whereby a noise-level measurement result 57 is gen-
erated. In the case of a field or frame including too many
regions that are not suitable for noise-level measurement
on the basis of the noise-region identification flags S1F,
S11F, and S16F, it is assumed that it is difficult to accu-
rately measure the noise level with the video content of
the field or frame. The noise level detected in such a field
or frame is considered to have a low confidence.
[0079] Thus, regarding the inputvideo signal S1, in the
measurement-prohibition checker 39 of the noise-level
converter 36, the number n of the activities S1A, S11A,
and S16A used to calculate the representative activity
ACT is checked, and fields or frames that are not suitable
for noise-level measurement are detected. Furthermore,
in the noise-level temporal smoother 40, the switching
circuit 41 is switched so that the representative activities
ACT of the fields or frames not suitable for noise-level
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measurement are not smoothed, and the switching cir-
cuits 45 and 46 are switched so that the noise-level meas-
urementresult S7 is output by holding the previous value.
Thus, according to this embodiment, the noise-level
measurement result S7 is output without rapid changes
in its value. This is favorable for noise removal by the
noise filter 1.

[0080] Furthermore, when the noise level is large so
thatthe erroris large or when the noise level considerably
varies between successive fields or frames, the filter-
characteristics controller 44 enhances smoothing by the
filtering unit 42. This also serves to prevent degradation
of the accuracy of measurement.

(3) Advantages of the Embodiment

[0081] According to what has been described above,
activities that serve as intra-field or intra-frame features
are checked against a threshold for noise-free regions,
and regions with extremely small noise levels are exclud-
ed from noise-level measurement. Thus, noise level can
be measured with an improved accuracy. More specifi-
cally, noise level is not measured in regions of graphical
user interfaces of a television receiver, an optical disc
recorder, or the like, or regions of caption information or
the like added during editing. Thus, the level of noise
mixed in the video content can be measured accurately.
[0082] Furthermore, reference signals are processed
similarly to determine regions to be used for noise-level
measurement, and noise level is measured using the ref-
erence signals as well as video signals. This further im-
proves the accuracy of noise-level measurement.
[0083] Furthermore, inter-frame or inter-field differ-
ence signals are also processed similarly to determine
regions to be used for noise-level measurement, and
noise level is measured using the difference signals as
well as video signals. This further improves the accuracy
of noise-level measurement.

[0084] Furthermore, the average values of pixel values
are checked against a threshold for average values, and
regions that are not suitable for noise-level measurement
are excluded. Thus, regions where clipping has presum-
ably occurred due to the effect of dynamic range can be
excluded from noise-level measurement. This serves to
further improve the accuracy of noise-level measure-
ment.

[0085] Furthermore, an upper threshold is set on the
basis of a minimum value of features detected by aggre-
gating features, and the features are checked against
the upper threshold. Thus, regions where motion com-
pensation is not executed correctly can be excluded from
noise-level measurement. This also serves to further im-
prove the accuracy of noise-level measurement.

[0086] Furthermore, the number of regions excluded
from noise-level measurement is counted on a field-by-
field or frame-by-frame basis, and the noise-level meas-
urement result is output by holding the previous value
when the number of regions is greater than a predeter-
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mined value. Thus, by using the noise-level measure-
ment result for processing by a noise filter, incorrect sup-
pression of noise level can be avoided, and rapid change
in image quality can be prevented.

Second Embodiment

[0087] Fig. 14 is a block diagram showing the config-
uration of a noise-region detector in a noise filter accord-
ing to a second embodiment of the present invention.
The noise filter according to the second embodiment is
configured the same as the noise filter according to the
first embodiment except in that a noise-region detector
51 is used instead of the noise-region detector 18. In the
following description, parts corresponding to those in the
first embodiment are designated by the same numerals,
and repeated description thereof will be refrained.
[0088] In the noise-region detector 51, instead of set-
ting the flags S1PAveF and S11PAveF so that white-
level-side regions and black-level-side regions where
noise could have been suppressed are excluded from
noise-level measurement, the activities S1A, S11A, and
S16A are corrected to indicate noise levels before noise
suppression so that these regions can also be used for
noise-level measurement. Similarly to the noise-region
detector 18 in the first embodiment described above, in
the noise-region detector 51, the signal region divider 20
and the pixel-region feature extractor 21 sequentially
processes the input video signal S1, the reference video
signal S11, and the difference signal S16 to obtain the
activities S1A, S11A, and S16A and the average values
S1PAve and S11PAve of pixel values in the input video
signal S1 and the reference video signal S11.

[0089] In the noise-region detector 51, regarding
white-level-side regions and black-level-side regions
where noise could have been suppressed, a saturation-
corrected-activity calculator 52 corrects the activities
S1A, S11A, and S16A so that the activities S1A, S11A,
and S16Aindicate noise levels before noise suppression.
More specifically, referring to Fig. 15, in the saturation-
corrected-activity calculator 52, a saturation calculator
57 receives input of the average values S1PAve and
S11PAve of pixel values of the input video signal S1 and
the reference video signal S11 and calculates saturation
degrees S1PS and S11PS of each region. The saturation
degreeis calculated by dividing the average value of pixel
values by a maximum value that the pixel values can take
on. Furthermore, regarding the activity S16A of the dif-
ference signal S16, the saturation calculator 57 takes the
average of the average values S1PAve and S11PAve of
the input video signal S1 and the reference video signal
S11, and calculates a saturation degree S16PS on the
basis of the average.

[0090] An activity corrector 54 multiplies the activities
S1A, S11A, and S16A of the input video signal S1, the
reference video signal S11, and the difference signal S16
by the associated saturation degrees S1PS, S11PS, and
S16PS, respectively, thereby correcting the activities
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S1A, S11A, and S16A, and outputs resulting activities
SLAA, S11AA, and S16AA. Fig. 16 shows an example
where only activities on the white-level side are correct-
ed. In this case, the amount of correction is increased as
the saturation degree becomes closer to the white level.
In this embodiment, the activities S1A, S11A, and S16A
are corrected for both black-level-side regions and white-
level-side regions. Thus, as the degree of saturation
changes from the black level to the white level, the
amount of correction by the activity corrector 54 gradually
decreases, then becomes substantially constant, and
then gradually increases.

[0091] A noise-free-region detector 53 is configured
the same as the noise-free-region detector 23 in the first
embodiment exceptin that the threshold INFTh is defined
in accordance with the correction of the activities S1A,
S11A, and S16A by the saturation-corrected-activity cal-
culator 52. The noise-free-region detector 53 checks the
activities S1AA, S11AA, and S16AA against the thresh-
olds INFTh and PNFTh to output the noise-free-region
detection flags STNFF, S11NFF, and S16NFF.

[0092] Referring to Fig. 55, a measurement-validity
checker 55 is configured the same as the measurement-
validity checker 24 in the first embodiment except in that
a measurement-prohibited-region checker 56 is config-
ured in accordance with the configurations of the satu-
ration-corrected-activity calculator 52 and the noise-free-
region detector 53. On the basis of the results of process-
ing by the saturation-corrected-activity calculator 52, and
the noise-free-region detector 53, the measurement-va-
lidity checker 55 outputs the noise-region identification
flags S1F, S11F, and S16F. Thus, the measurement-
prohibited-region checker 56 outputs the noise-region
identification flags S1F, S11F, and S16F simply by in-
verting the logic values of the noise-free-region detection
flags SINFF, S11NFF, and S16NFF.

[0093] Accordingly, the effective-noise-region and ac-
tivity selector 31 outputs the flags S1F, S11F, and S16F
by processing the corrected activities S1AA, S11AA, and
S16AA instead of the activities S1A, S11A, and S16A
before correction. Furthermore, the noise-level measure-
ment unit 35 at the subsequent stage outputs the noise-
level measurement result by processing the corrected
activities S1AA, S11AA, and S16AA instead of the activ-
ities S1A, S11A, and S16A before correction.

[0094] According to this embodiment, instead of ex-
cluding white-level-side regions and black-level-side re-
gions where noise could have been suppressed from
noise-level measurement, the activities S1A, S11A, and
S16A are corrected to indicate noise levels before noise
suppression. According to this embodiment, advantages
can be achieved similarly to the first embodiment. Fur-
thermore, according to this embodiment, compared with
the first embodiment, the number of regions used for
noise-level measurement increases. Thus, noise level
can be measured stably and accurately, for example,
even in a case where a dark scene continues.
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Third Embodiment

[0095] With the configuration according to the first em-
bodiment, depending on the nature of the input video
signal S1, the noise-free-region detection flags S1NFF,
S11NFF, and S16NFF are turned on in most regions, so
that the number of regions used for noise-level measure-
ment becomes extremely small. This could degrade the
confidence of measurement results.

[0096] Thus, in a third embodiment of the present in-
vention, when the number of regions for which the noise-
free-region detection flags S1NFF, S11NFF, and
S16NFF are turned on increases, the number of regions
excluded from noise-level measurement on the basis of
the minimum activity MinAct is reduced. In the following
description, parts corresponding to those in the first and
second embodiments are designated by the same nu-
merals, and repeated description thereof will be omitted.
[0097] Fig. 18 is a block diagram showing the config-
uration of a measurement-validity checker in a noise filter
according to the third embodiment of the present inven-
tion. The noise filter according to the third embodiment
is configured the same as the noise filter according to
the first embodiment except in that a measurement-va-
lidity checker 61 is provided instead of the measurement-
validity checker 24.

[0098] In the measurement-validity checker 61, a
measurement-prohibited-region checker 62 outputs the
saturation flags S1PAveF and S11PAveF directly as the
measurement-prohibited-region checking flags S1NF
and S11NF. Furthermore, when any of the saturation
flags S1PAveF and S11PAveF is turned on, the meas-
urement-prohibited-region checker 62 turns on the
measurement-prohibited-region checking flag S16NF.
[0099] A minimum-activity calculator 63 changes the
value of the minimum activity MinAct in accordance with
the number of regions for which the noise-free-region
detection flag STINFF, ST1NFF, or S16NFF is turned on.
[0100] Fig. 19 is a block diagram of the minimum-ac-
tivity calculator 63. In the minimum-activity calculator 63,
anon-noise-free minimume-activity calculator 64 process-
es the activities S1A, S11A, and S16A to output a mini-
mum activity MinActA, similarly to the minimum-activity
calculator 29 (Fig. 9). However, in this embodiment, as
opposed to the first embodiment, the measurement-pro-
hibited-region checker 62 generates the measurement-
prohibited-region checking flags S1NF, S11NF, and
S16NF on the basis of only the saturation flags S1PAveF
and S11PAveF. The non-noise-free minimum-activity
calculator 64 separately processes the measurement-
prohibited-region checking flags S1NF, S11NF, and
S16NF output from the measurement-prohibited-region
checker 62 and the noise-free-region detection flags
S1NFF, S11NFF, and S16NFF, and selectively process-
es the activities S1A, S11A, and S16A of the regions
used by the minimum-activity calculator 29 in the first
embodiment, and thereby outputs a minimum activity Mi-
nActA. Thus, also in this embodiment, noise-free regions
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are not used for noise-level measurement.

[0101] Similarly to the non-noise-free minimum-activ-
ity calculator 64, a noise-free minimum-activity calculator
65 selectively processes the activities S1A, S11A, and
S16A of regions that are usable for measurement ac-
cording to the measurement-prohibited-region checking
flags S1INF, S11NF, and S16NF and that are difficult to
use for measurement according to the noise-free-region
detection flags S1NFF, S11NFF, and S16NFF, and
thereby outputs a minimum activity MinActB. Further-
more, the noise-free minimum-activity calculator 65 cal-
culates and outputs an occupancy rate RateN by dividing
the number N of the regions by the total number of re-
gions.

[0102] A minimum-activity combiner 66 checks the oc-
cupancy rate RateN against a predetermined threshold
RTH1. As shown in Fig. 20, when the occupancy rate
RateN is less than or equal to the threshold RTH1, that
is, when the number of regions that are difficult to use
for measurement according to the noise-free-region de-
tection flags SINFF, S11NFF, and S16NFF is less than
or equal to a predetermined number, the minimum-ac-
tivity combiner 66 outputs the value of the minimum ac-
tivity MinActA calculated by the non-noise-free minimum-
activity calculator 64 as the minimum activity MinAct.
[0103] Furthermore, the minimum-activity combiner
66 checks the occupancy rate RateN against a predeter-
mined threshold RTH2, which is greater than the thresh-
old RTH1. When the occupancy rate RateN is greater
than or equal to the threshold RTH1, that is, when the
number of regions that are difficult to use for measure-
ment according to the noise-free-region detection flags
S1NFF, S11NFF, and S16NFF is greater than or equal
to a predetermined number, the minimum-activity com-
biner 66 outputs the value of the minimum activity Min-
ActB calculated by the noise-free minimum-activity cal-
culator 65 as the minimum activity MinAct. When the oc-
cupancy rate RateN falls between the two thresholds
RTH1 and RTH2, the minimum-activity combiner 66 out-
puts a minimum activity MinAct obtained by linear inter-
polation using the minimum activities MinActA and Min-
ActB. Thus, as indicated by an arrow A in Fig. 21, as the
number of regions that are difficult to use for measure-
ment according to the noise-free-region detection flags
S1NFF, S11NFF, and S16NFF increases, the minimum-
activity combiner 66 decreases the value of the minimum
activity MinAct to increase the number of regions used
for noise-level measurement.

[0104] According to this embodiment, the occupancy
rate of regions for which the noise-free-region detection
flag SINFF, S11NFF, or S16NFF is turned onis detected,
and the number of regions that are excluded from noise-
level measurement on the basis of the minimum activity
MinAct is decreased as the number of regions increases.
Thus, degradation of the measurement accuracy due to
the number of regions used for noise-level measurement
becoming extremely small can be prevented. According-
ly, the accuracy of noise-level measurement can be im-
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proved further compared with the first embodiment.
Fourth Embodiment

[0105] Fig. 22 is a block diagram showing the config-
uration of a measurement-validity checker in a noise filter
according to a fourth embodiment of the present inven-
tion. The noise filter according to the fourth embodiment
is configured the same as the noise filter according to
the second embodiment except in that a measurement-
validity checker 71 is provided instead of the measure-
ment-validity checker 55. Thus, also in this embodiment,
instead of excluding white-level-side regions and black-
level-side regions where noise could have been sup-
pressed from noise-level measurement, the activities
S1A, S11A, and S16A are corrected to indicate noise
levels before noise suppression, and noise level is meas-
ured using the corrected activities S1AA, S11AA, and
S16AA. In the following description, parts corresponding
to those in the first to third embodiments are designated
by the same numerals, and repeated description thereof
will be refrained.

[0106] The measurement-validity checker 71 deter-
mines regions to be used for noise-level measurement
according to setting of the minimum activity MinAct in the
end. For this purpose, in the measurement-validity
checker 71, a minimum-activity calculator 72 receives
input of the corrected activities S1AA, S11AA, and
S16AA indicating noise levels before noise suppression.
[0107] As shownin Fig. 23 in comparison with Fig. 19,
in the minimum-activity calculator 72, a non-noise-free
minimum-activity calculator 73 selectively processes the
activities S1AA, ST11AA, and S16AA of the regions that
are usable for noise-level measurement according to the
noise-free-region detection flags STNFF, S11NFF, and
S16NFF, and thereby outputs a minimum activity MinAc-
tA. The selective processing of the activities S1AA,
S11AA, and S16AA are executed similarly to the selec-
tive processing by the minimum-activity calculator 29 in
the first embodiment.

[0108] On the other hand, a noise-free minimum-ac-
tivity calculator 74 selectively processes the activities
S1AA, S11AA, and S16AA of the regions that are difficult
to use for noise-level measurement according to the
noise-free-region detection flags SINFF, S11NFF, and
S16NFF, and thereby outputs a minimum activity Min-
ActB. The selective processing of the activities ST1AA,
S11AA, and S16AA is executed similarly to the selective
processing by the minimume-activity calculator 29 in the
first embodiment. Furthermore, the noise-free minimum-
activity calculator 74 calculates and outputs an occupan-
cy rate RateN of the regions used to calculate the mini-
mum activity MinActB.

[0109] A minimum-activity combiner combines the
minimum activities MinActA and MinActB to output a min-
imum activity MinAct, similarly to the minimum-activity
combiner 66.

[0110] The effective-noise-region and activity selector
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31 sets the noise-region identification flags S1F, S11F,
and S16F on the basis of the upper threshold ActMaxTh1
and the minimum activity MinAct. More specifically, the
effective-noise-region and activity selector 31 turns off
the noise-region identification flags S1F, S11F, and S16F
when the value of the associated activity S1AA, ST11AA,
or S16AA is less than the minimum activity MinAct or
greater than the upper threshold ActMaxTh1, since it is
assumed that noise-level measurement based on these
activities is not reliable.

[0111] According to this embodiment, on the basis of
the setting of the minimum activity MinAct, regions of
caption information or the like are excluded from noise-
level measurement in the end, and the minimum activity
MinAct is changed according to the occupancy rate of
the regions excluded from noise-level measurement.
Thus, in addition to the advantages of the first embodi-
ment, noise level can be measured stably and accurately
even when, for example, a dark scene with little noise
continues.

Fifth Embodiment

[0112] Fig. 24 is a block diagram showing the config-
uration of a measurement unit in a noise filter according
to a fifth embodiment of the present invention. In the fol-
lowing description, parts corresponding to those in the
embodiments described above are designated by the
same numerals, and repeated description thereof will be
refrained.

[0113] In a measurement unit 81, a signal region di-
vider 82 receives input of the input video signal S1 and
the reference video signal S11 output from the reference-
video-signal generator 11, and generates a partial input
video signal S1P and a partial reference video signal
S11P. The signal region divider 82 generates the partial
input video signal S1P and the partial reference video
signal S11P similarly to the signal region divider 20 in
the first embodiment.

[0114] A band divider 83 receives input of the partial
input video signal S1P and the partial reference video
signal S11P, and converts each of these signals into sig-
nals of a plurality of bands in the frequency domain. The
conversion into the frequency domain can be executed,
for example, by orthogonal transform such as Hadamard
transform, Haar transform, or discrete cosine transform,
wavelet transform using afilter bank, or subband division.
The band divider 83 outputs the signals of the plurality
of bands as partial input video band signals S1PB and
partial reference video band signals S11PB.

[0115] A difference-signal generator 84 subtracts the
partial reference video signal S11P from the partial input
video signal S1P to output a partial difference signal
S16P. Furthermore, for each band, the difference-signal
generator 84 subtracts the partial reference video band
signal S11PB from the partial input video band signal
S1PB to output a partial difference band signal S16PB.
[0116] A noise-region detector 85 processes the par-
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tial input video signal S1P, the partial reference video
signal S11P, and the partial difference signal S16P,
which are signals in a pixel region, similarly to the noise-
region detector 51 in the second embodiment, and there-
by outputs the flags S1F, S11F, and S16F and the activ-
ities S1AA, S11AA, and S16AA. Furthermore, the noise-
region detector 85 detects and outputs features in the
partial inputvideo band signal S1PB, the partial reference
video band signal S11PB, and the partial difference band
signal S16PB for each band, which are signals in the
frequency domain.

[0117] Thus, as shown in Fig. 25, in the noise-region
detector 85, the system for processing signals in a pixel
region is configured the same as that in the noise-region
detector 51 in the second embodiment.

[0118] A frequency-domain feature extractor 86 de-
tects flatness degrees S1B, S11B, and S16B for each
region, indicating noise likelihood, from the frequency-
domain signals S1PB, S11PB, and S16PB. As shown in
Fig. 26, generally the spectral distribution of video signals
is concentrated at specific frequencies. On the other
hand, as shown in Fig. 27, the spectrum of noise is dis-
tributed over a wide frequency range. Thus, as the spec-
tral distribution becomes more flat, it can be estimated
that the signal includes more noise components. As the
flatness degrees S1B, S11B, and S16B, a variance of
the spectrum of each band, a ratio of a maximum value
and a minimum value of the spectrum, or the like can be
used.

[0119] A measurement-validity checker 87 sets the
flags S1F, S11F, and S16F in consideration of the asso-
ciated flatness degrees S1B, S11B, and S16B in addition
to the conditions of setting of the flags S1F, S11F, and
S16F used by the measurement-validity checkers in the
embodiments described earlier. Thus, as shown in Fig.
28, the measurement-validity checker 87 is configured
the same as the measurement-validity checker 71 in the
fourth embodiment except an effective-noise-region and
activity selector 88 that sets the flags S1F, S11F, and
S16F.

[0120] The effective-noise-region and activity selector
88 turns on the flags S1F, S11F, and S16F of regions
that satisfy the conditions of setting of the flag S1F, S11F,
or S16F in the effective-noise-region and activity selector
31 and in which noise components are dominant accord-
ing to the spectral distribution determined by checking
the associated flatness degree S1B, S11B, or S16B
against a predetermined threshold. Thus, in this embod-
iment, regions to be used for noise-level measurement
are determined with reference to the spectrum distribu-
tion, which is a feature of video signals in the frequency
domain.

[0121] Fig. 29 is a block diagram showing the config-
uration of a noise-level measurement unit 90. In the
noise-level measurement unit 90, similarly to the noise-
region statistical-value calculator 37, a noise-region sta-
tistical-value calculator 91 statistically processes the ac-
tivities S1AA, S11AA, and S16AA of regions for which
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the noise-region identification flag S1F, S11F, or S16F
is turned on, and thereby outputs a representative activity
ACT representing the activities S1AA, S11AA, and
S16AA.

[0122] Furthermore, for each of the regions for which
the noise-region identification flag S1F, S11F, or S16F
is turned on, the noise-region statistical-value calculator
91 selectively processes the partial input video band sig-
nal S1PB, the partial reference video band signal S11PB,
and the partial difference band signal S16PB, and there-
by outputs a representative activity ACTB of the noise
regions corresponding to the representative activity ACT.
In this case, the noise-region statistical-value calculator
91 calculates a squared average, an absolute average,
a standard deviation, or the like of spectral values in a
plurality of regions for each band, and thereby outputs a
representative activity ACTB for each band.

[0123] A noise-level converter 92 processes the rep-
resentative activity ACT as in the embodiments de-
scribed earlier to output a noise-level measurement re-
sult S7. On the other hand, the representative activity
ACTB of the noise regions is multiplied by a gain AK in
an amplifying circuit 93 on a band-by-band basis to cor-
rect the value thereof, and the result is input to a noise-
level temporal smoother 94.

[0124] The noise-level temporal smoother 94 tempo-
rally smoothes the signal output from the amplifying cir-
cuit 93 for each band, and outputs a noise-level meas-
urement result S7B for each band.

[0125] According to this embodiment, the flags S1F,
S11F, and S16F are set on the basis of flathess degrees
in the frequency domain so that regions to be used for
noise-level measurement can be changed on the basis
of the spectral flatness detected for each band. Thus,
even when it is difficult to determine regions to be used
for noise-level measurement on the basis of activities
based on pixel values, regions to be used for noise-level
measurement can be determined appropriately. More
specifically, even with a frame or field including a texture
portion with low contrast or a region with small pixel val-
ues, regions that are suitable for noise-level measure-
ment can be determined reliably on the basis of the flat-
ness in the frequency domain. Accordingly, the accuracy
of noise-level measurement can be improved further
compared with the embodiments described earlier.
[0126] Furthermore, since a noise-level measurement
result is output for each band by effectively using the
flatness in the frequency domain, flexible processing is
allowed when video signals are divided into bands before
processing. More specifically, in the case of a noise filter,
when video signals are divided into bands and noise is
suppressed, the level of a correction signal for each band
can be set appropriately. Furthermore, application to
techniques for improving image quality, such as image
enhancement, is possible.
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Sixth Embodiment

[0127] Fig. 30 is a block diagram showing the config-
uration of a measurement unit in a noise filter according
to a sixth embodiment of the present invention. In this
embodiment, a measurement unit 101 measures noise
level using only the input video signal S1.

[0128] For this purpose, in the measurement unit 101,
the input video signal S1 is directly input to a noise-region
detector 102, and an output of the noise-region detector
102 is processed by a noise-level measurement unit 103,
whereby a noise-level measurement result S7 is output.
[0129] As shown in Fig. 31, the noise-region detector
102includes components 104 to 108, with which the parts
regarding the reference video signal S11 and the differ-
ence-signal generator 16 in the noise-region detectors
in the embodiments described above are omitted, so that
the noise-region detector 102 outputs the activity S1A
and the noise-region identification flag S1F of the input
video signal S1.

[0130] Similarly, regarding the noise-level measure-
ment unit 103, the parts regarding the reference video
signal S11 and the difference signal S16 in the noise-
level measurement units in the embodiments described
above are omitted.

[0131] Also with this embodiment, in which noise level
is measured using only the input video signal S1, the
accuracy of noise level-measurement can be improved.

Seventh Embodiment

[0132] Fig. 32 is a block diagram showing the config-
uration of a measurement unit in a noise filter according
to a seventh embodiment of the presentinvention. In this
embodiment, a measurement unit 111 measures noise
level using only the input video signal S1, with the input
video signal S1 divided into bands similarly to Fig. 5 de-
scribed with reference to Fig. 24.

[0133] For this purpose, in the measurement unit 111,
the input video signal S1 is directly input to a signal region
divider 112, and the partial input video signal S1P output
fromthe signal region divider 112is inputto a band divider
113. Furthermore, the outputs of the signal region divider
112 and the band divider 113 are sequentially processed
by a noise-region detector 114 and a noise-level meas-
urement unit 115 to output noise-level measurement re-
sults S7 and S7B.

[0134] Regarding the signal region divider 112, the
band divider 113, the noise-region detector 114, and the
noise-level measurement unit 115, the parts relating to
the reference video signal S11 and the difference signal
S16 are omitted from the corresponding components in
the fifth embodiment described earlier.

[0135] Also with this embodiment, in which noise level
is measured using only the input video signal S1 divided
into bands, the accuracy of noise-level measurement can
be improved.
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Eighth Embodiment

[0136] Fig. 33 is a block diagram showing the config-
uration of a measurement unit in a noise filter according
to an eighth embodiment of the present invention in com-
parison with Fig. 3. Regarding a measurement unit 121
in this embodiment, parts corresponding to those in the
first embodiment described earlier are designated by the
same numerals, and repeated description thereof will be
refrained. In the measurement unit 121, a noise-region
detector 122 generates only the activity S16A and the
noise-region identification flag S16F for the difference
signal S16, and a noise-level measurement unit 123 out-
puts a noise-level measurement result S7 using the ac-
tivity S16A and the noise-region identification flag S16F.
[0137] Fig. 34 is a block diagram showing the config-
uration of the noise-region detector 122. The noise-re-
gion detector 122 processes the input video signal S1,
the reference video signal S11, and the difference signal
S16 by the signal region divider 20, the pixel-region fea-
ture extractor 21, and the saturated-region detector 22
to output the saturation flags S1PAveF and S11PAveF.
[0138] A noise-free-region detector 125 is configured
similarly to the noise-free-region detector 23 in the first
embodiment with the parts relating to the input video sig-
nal S1 and the reference video signal S11 omitted there-
from, so that the noise-free-region detector 125 outputs
only the noise-free-region detection flag S16NFF for the
difference signal S16. A measurement-validity checker
126 is configured similarly to the corresponding compo-
nent in the first embodiment with the parts relating to the
input video signal S1 and the reference video signal S11
omitted therefrom, so that the measurement-validity
checker 126 outputs only the noise-region identification
flag S16F and the activity S16A for the difference signal
S16.

[0139] In the noise-level measurement unit 123, as
shown in Fig. 35, a noise-region statistical-value calcu-
lator 127 and a noise-level converter 128 sequentially
processes the noise-region identification flag S16F and
the activity S16A to output a noise-level measurement
result S7. The noise-region statistical-value calculator
127 and the noise-level converter 128 are configured
similarly to the corresponding components in the firstem-
bodiment with the parts relating to the input video signal
S1 and the input video signal S1 omitted therefrom.
[0140] Also with this embodiment, in which noise level
is measured using only the difference signal S16, the
accuracy of noise-level measurement can be improved.
When noise level is measured using only the difference
signal as in this embodiment, since only time-varying
noise components are measured in principle, it is possi-
ble to reduce noise effectively with an IR filter or the like
that reduces time-varying noise. Thus, it is possible to
prevent occurrence of a type of blurring called trailing at
boundaries of moving objects with low contrast. Accord-
ingly, noise can be suppressed reliably.
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Ninth Embodiment

[0141] Fig. 36 is a block diagram showing the config-
uration of a measurement unit in a noise filter according
to a ninth embodiment of the present invention in com-
parison with Fig. 24. Regarding a measurement unit 131
in this embodiment, parts corresponding to those in the
embodiments described above are designated by the
same numerals, and description thereof will be omitted.
The measurement unit 131 measures noise level using
only the difference signal S16, with the difference signal
S16 divided into bands similarly to the fifth embodiment
described earlier with reference to Fig. 24. In the meas-
urement unit 131, a difference-signal generator 132 gen-
erates a partial difference signal S16P, and then a band
divider 133 generates a partial difference band signal
S16PB.

[0142] In the measurement unit 131, a noise-region
detector 134 and a noise-level measurement unit 135
sequentially processes the partial difference band signal
S16PB, the input video signal S1, the reference video
signal S11, and the difference signal S16 to output noise-
level measurement results S7 and S7B.

[0143] Also with this embodiment, in which noise level
is measured using only the difference signal S16 divided
into bands, the accuracy of noise-level measurement can
be improved. Tenth Embodiment

[0144] Fig. 37 is a block diagram of a noise filter ac-
cording to a tenth embodiment of the present invention.
Regarding the noise filter, parts corresponding to those
in the embodiments described above are designated by
the same numerals, and repeated description thereof will
be refrained. In this embodiment, in a noise filter 141, a
measurement unit 142 measures the noise level of the
input video signal S1 to output a noise-level measure-
ment result S7, and the degree of noise reduction is
changed according to the noise-level measurement re-
sult S7.

[0145] In the measurement unit 142, a reference-vid-
eo-signal generator 143 receives input of an input video
signal S1 and generates a reference video signal S11,
and the signal region divider 20 processes the input video
signal S1 and the reference video signal S11 to generate
a partial input video signal S1P and a partial reference
video signal S11P. Furthermore, the difference-signal
generator 16 generates a partial difference signal S16P
from the partial input video signal S1P and the partial
reference video signal S11P. The reference-video-signal
generator 143 generates the reference video signal S11
by motion-compensating an output video signal S18 ob-
tained as a result of processing by the noise filter 141
instead of the input video signal S1 of an immediately
preceding frame.

[0146] A noise-region detector 144 processes the par-
tial input video signal S1P, the partial reference video
signal S11P, and the partial difference signal S16P to
output the activities S1A and S11A and the noise-region
identification flags S1F and S11F for the input video sig-
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nal S1 and the reference video signal S11.

[0147] The non-linear-characteristics processor 160
corrects the difference signal S16 according to the input/
output characteristics set by the non-linear-characteris-
tics setting unit 159, and thereby outputs a noise com-
ponent S16N. On the other hand, regarding the input
video signal S1, the non-linear-characteristics processor
160 extracts high-frequency components by a predeter-
mined high-pass filter, corrects the high-frequency com-
ponents according to the input/output characteristics set
by the non-linear-characteristics setting unit 159, and
thereby outputs a noise component S1N.

[0148] Furthermore, similarly to the saturated-region
detector 22, a saturated-region detector 147 processes
the average values S1PAve and S11PAve of the input
video signal S1 and the reference video signal S11 to
output the saturation flags S1PAveF and S11PAveF.
[0149] Furthermore, similarly to the noise-free-region
detector 23, a noise-free-region detector 146 outputs the
noise-free-region detection flags SINFF and S16NFF for
the input video signal S1 and the difference signal S16.
[0150] Furthermore, similarly to the measurement-va-
lidity checker 24, a measurement-validity checker 148
processes the activities S1A and S16A of the input video
signal S1 and the difference signal S16, the saturation
flags S1PAveF and S11PAveF for the input video signal
S1 and the reference video signal S11, and the noise-
free-region detection flags SINFF and S16NFF for the
input video signal S1 and the difference signal S16, and
thereby outputs the noise-region identification flags S1F
and S16F for the input video signal S1 and the difference
signal S16 and the activities S1A and S16A for the input
video signal S1 and the difference signal S16. Further-
more, the measurement-validity checker 148 outputs
noise confidences S1C and S16C for the input video sig-
nal S1 and the difference signal S16. The noise confi-
dences S1C and S16C indicate confidences of the noise
levels indicated by the activities S1A and S16A of the
input video signal S1 and the difference signal S16.
[0151] Fig. 39 is a block diagram showing the meas-
urement-validity checker 148 in detail. In the measure-
ment-validity checker 148, similarly to the measurement-
prohibited-region checker 27, a measurement-prohibit-
ed-region checker 150 outputs the measurement-prohib-
ited-region checking flags S1NF and S16NF for the input
video signal S1 and the difference signal S16 on the basis
of the saturation flags S1PAveF and S11PAveF and the
noise-free-region detection flags S1INFF and S16NFF.
More specifically, when any of the saturation flag
S1PAveF and the noise-free-region identification flag
S1NFF for the input video signal S1 is turned on, the
measurement-prohibited-region checker 150 turns on
the measurement-prohibited-region checking flag S1INF
for the input video signal S1 in the relevant region. Fur-
thermore, when any of the saturation flags S1PAveF and
S11PAveF is turned on or when the noise-free-region
identification flag S16NFF for the difference signal S16
is turned on, the measurement-prohibited-region check-
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er 150 turns on the measurement-prohibited-region
checking flag S16NF for the difference signal S16 in the
relevant region.

[0152] The minimum-activity calculator 29 detects and
outputs a minimum activity MinAct on the basis of the
activities S1A and S16A of the input video signal S1 and
the difference signal S16.

[0153] Furthermore, similarly to the threshold setting
unit 30, a threshold setting unit 152 calculates and out-
puts an upper threshold ActMaxTh1 on the basis of the
minimum activity MinAct. Furthermore, the threshold set-
ting unit 152 calculates and outputs a threshold
ActMaxTh2 for calculating the noise confidences S1C
and S16C. More specifically, the threshold setting unit
152 calculates the threshold ActMaxTh2 by multiplying
the first intermediate value EstSD used to calculate the
upper threshold ActMaxTh1 by a constant ActThFactor
2 for calculating the threshold ActMaxTh2 and adding
the product to the second intermediate value EstMean
used to calculate the upper threshold ActMaxTh1 (i.e.,
ActMaxTh2 = EstMean + EstSD x ActThFactor2). The
constant ActThFactor2 is a value greater than the con-
stant ActThFactor1.

[0154] Furthermore, similarly to the effective-noise-re-
gion and activity selector 31, an effective-noise-region
and activity selector 153 outputs the noise-region iden-
tification flags S1F and S16F for the input video signal
S1 and the difference signal S16. Furthermore, the ef-
fective-noise-region and activity selector 153 checks the
activities S1A and S16A of the input video signal S1 and
the difference signal S16 against the upper threshold
ActMaxTh1 and the threshold ActMaxTh2, and outputs
the noise confidences S1C and S16C of the input video
signal S1 and the difference signal S16 on the basis of
the results of the checking according to the characteris-
tics shown in Fig. 40.

[0155] More specifically, when the value of the activity
S1AorS16Aisless than the upperthreshold ActMaxTh1,
the effective-noise-region and activity selector 153 out-
puts the noise confidence S1C or S16C with a value of
1. When the value of the activity S1A or S16A is greater
than the threshold ActMaxTh2, the effective-noise-region
and activity selector 153 outputs the noise confidence
S1C or S16C with a value of 0. When the value of the
activity S1A or S16A is between the upper threshold
ActMaxTh1 and the threshold ActMaxTh2, the effective-
noise-region and activity selector 153 outputs the noise
confidence S1C or S16C with a value obtained by linear
interpolation using the value of the activity S1A or S16A
as a parameter. Thus, the effective-noise-region and ac-
tivity selector 153 sets the noise confidence S1C or S16C
so that the value thereof decreases as the value of the
activity S1A or S16A increases beyond a certain value.
[0156] Referring back to Fig. 37, similarly to the noise-
level measurement unit 35, a noise-level measurement
unit 155 processes the activities S1A and S16A of the
input video signal S1 and the difference signal S16 on
the basis of the noise-region identification flags S1F and
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S16F for the input video signal S1 and the difference-
signal generator 16, and thereby outputs a noise-level
measurement result S7.

[0157] Furthermore, a noise extractor 157 generates
and outputs a noise signal S19 from the partial input video
signal S1P and the partial difference signal S16P. The
noise filter 141 reduces noise in the input video signal
S1 by subtracting the noise signal S19 from the input
video signal S1 (the partial input video signal S1P). Thus,
the noise filter 141 is a hybrid filter formed of a 3D IIR
noise filter and a 2D noise filter that reduces noise on the
basis of only information within a field or frame.

[0158] Fig. 41 is a block diagram showing the noise
extractor 157 in detail. In the noise extractor 157, a noise-
extraction blending-ratio setting unit 158 calculates and
outputs a blending ratio BR of noise components of the
partial input video signal S1P and the partial difference
signal S16P. More specifically, as shown in Fig. 42, the
noise-extraction blending-ratio setting unit 158 checks
the noise confidence S1C or the noise confidence S16C
against first and second thresholds DRth1 and DRTh2.
When the value of the noise confidence S1C or S16C
checked against the first and second thresholds DRTh1
and DRTh2 is less than or equal to the first threshold
DRTh1 or greater than or equal to the second threshold
DRTh2, the noise-extraction blending-ratio setting unit
158 sets 0 or 1 as the blending ratio BR so that only noise
components of the input video signal S1 or the difference
signal S16 are selected. On the other hand, when the
value of the noise confidence S1C or S16C is between
the first and second thresholds DRTh1 and DRTh2 the
noise-extraction blending-ratio setting unit 158 sets the
value of the blending ratio BR by linear interpolation using
the value of the noise confidence S1C or S16C. In this
embodiment, the blending ratio is set using the noise
confidence S16C of the difference signal S16 according
to the characteristics shown in Fig. 42. However, without
limitation, the blending ratio BR may be set using both
the noise confidences S1C and S16C.

[0159] Furthermore, a non-linear-characteristics set-
ting unit 159 determines characteristics of processing of
the noise components of the input video signal S1 and
the difference signal S16. Since the noise extractor 157
in this embodiment extracts noise components by clip-
ping components with large amplitudes, the non-linear-
characteristics setting unit 159 determines characteris-
tics of the clipping. More specifically, the noise extractor
157 non-linearly processes the noise components ac-
cording to input/output characteristics shown in Figs. 43A
and 43B and Figs. 44A and 44B, and the non-linear-char-
acteristics setting unit 159 determines non-linear char-
acteristics on the basis of the noise-level measurement
result S7 and the associated noise confidence so that
signal levels Nth and -Nth at which clipping is started are
shifted away from the zero level as noise level increases.
Furthermore, the non-linear-characteristics setting unit
159 sets the non-linear characteristics so that clipping
characteristics changes from sharp to modest as the
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noise confidence decreases. The non-linear-character-
istics setting unit 159 outputs characteristics setting sig-
nals S1T and S16T for the input video signal S1 and the
difference signal S16 to a non-linear-characteristics
processor 160 to define characteristics of non-linear
processing executed by the non-linear-characteristics
processor 160.

[0160] The non-linear-characteristics processor 160
corrects the difference signal S16 according to the input/
output characteristics set by the non-linear-characteris-
tics setting unit 159, and thereby outputs a noise com-
ponent S16N. Furthermore, the non-linear-characteris-
tics processor 160 extracts high-frequency components
from the input video signal S1 by a predetermined high-
pass filter, corrects the high-frequency components ac-
cording to the input/output characteristics set by the non-
linear-characteristics setting unit 159, and thereby out-
puts a noise component S1N.

[0161] Furthermore, ablending unit 161 adds together
the noise components S1N and S16N output from the
non-linear-characteristics processor 160, using weights
based on the blending ratio BR, and thereby outputs a
noise signal S19. When adjacent regions partially overlap
as described earlier with reference to Fig. 8, the blending
unit 161 generates the noise signal S19 by averaging
noise components of respective regions overlapping
each other. Alternatively, the averaging may be executed
by a signal region integrator 166, which will be described
later.

[0162] In order to prevent what is called stucking, a
noise subtractor 163 corrects the signal level of the noise
signal S19 to reduce the noise level of the input video
signal S1. The stucking occurs when an IIR filter has a
feedback rate in the vicinity of 1, and the quality of image
perceived is significantly degraded at portions with mo-
tion. Thus, as shown in Fig. 45, in the noise subtractor
163, the noise signal S19 is input to a stuck preventing
unit 164. The stuck preventing unit 164 corrects the input
noise signal S19 according to input/output characteristics
shown in Fig. 46 to suppress components with small am-
plitudes. The correction may be performed according to
various characteristics, for example as shown in Fig. 47
in comparison with Fig. 46. Furthermore, in the noise
subtractor 163, a subtracting circuit 165 subtracts the
signal output from the stuck preventing unit 164 from the
partial input video signal S1P to suppress noise compo-
nents.

[0163] Referring back to Fig. 37, contrary to the signal
region divider 20, a signal region integrator 166 converts
the partial input video signals S1P for individual regions,
output from the noise subtractor 163, into a video signal
containing pixel values in the order of raster scanning,
and outputs the video signal as an output video signal
S18.

[0164] According to this embodiment, with an effective
configuration of a noise measurement unit, a hybrid noise
filter is formed of a 3D IIR noise filter and a 2D noise filter.
This serves to improve the accuracy of noise-level meas-
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urement. Furthermore, noise can be reduced by effec-
tively using measurement results.

[0165] More specifically, in measuring a noise level,
noise confidences indicating confidences of activities of
aninputvideo signal and a difference signal are detected,
so that it is possible to switch adaptively between an op-
eration by a 3D IIR filter and an operation by a 2D noise
filter according to setting of a blending ratio based on the
noise confidences. Thus, noise can be reduced suitably
from various types of input video signals.

[0166] That is, in the case of an image of a moving
object or the like, for which noise is not reduced suffi-
ciently with a 3D IIR filter, noise level can be reduced by
a 2D noise filter. Thus, noise can be reduced more reli-
ably.

[0167] On the other hand, in the case of a texture por-
tion, for which noise is not reduced sufficiently with a 2D
noise filter, noise level can be reduced by a 3D IIR noise
filter. Thus, noise can be reduced more reliably.

[0168] Furthermore, noise level is reduced by non-lin-
ear processing of noise components, with the character-
istics of the non-linear processing changed according to
noise-level measurement results and noise confidences.
Thus, it is possible to enhance the effect of noise reduc-
tion in regions with high noise likelihood while minimizing
blurring in texture portions or at boundaries of moving
objects that could occur with the enhanced effect of noise
reduction.

[0169] Furthermore, the characteristics of non-linear
processing of noise components are set so that compo-
nents with large amplitudes are suppressed according
to noise confidences, the characteristics of non-linear
processing can be changed adaptively. This serves to
reduce noise level even further.

Eleventh Embodiment

[0170] Fig. 48 is a block diagram showing a noise filter
according to an eleventh embodiment of the present in-
vention in comparison with Fig. 37. Regarding this em-
bodiment, parts corresponding to those in the embodi-
ments described above are designated by the same nu-
merals, and repeated description thereof will be re-
frained.

[0171] Inthisembodiment,ina measurementunit172,
similarly to the measurement unit 81 in the fifth embod-
iment described earlier, the input video signal S1 and the
difference signal S16 are divided into bands by a band
divider 173, and noise level is measured on the basis of
flatness in the frequency domain. The measurement unit
172 shown in Fig. 48 differs from the measurement unit
81 inthe fifth embodimentin that division into bands takes
place after generating the difference signal S16.

[0172] The measurement unit 172 is configured so as
not to use regions of the reference video signal S11 for
noise-level measurement. Thus, as shown in Fig. 49 in
comparison with Fig. 25, components 175 to 179 of a
noise-region detector 174 are configured the same as
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the corresponding components except the configurations
relating to the reference video signal S11. The noise-
region detector 174 corrects the noise confidences S1C
and S16C by confidence correcting factors shown in Fig.
50. The confidence correcting factors are based on the
associated flatness degrees S1B and S16B.

[0173] Furthermore, similarly to the noise-level meas-
urement unit 155, a noise-level measurement unit 180
outputs noise-level measurement results S7 and S7B on
the basis of the outputs of the noise-region detector 174.
[0174] Furthermore, a noise extractor 181 processes
the partial input video signals S1PB and the partial dif-
ference signals S16PB, divided into bands by the band
divider 173, on the basis of the outputs of the measure-
ment unit 172 to output a noise signal S19.

[0175] Fig. 51 is a block diagram showing the config-
uration of the noise extractor 181 in detail. Similarly to
the noise extractor 157 in the tenth embodiment de-
scribed earlier, the noise extractor 181 sets a blending
ratio BR for each band.

[0176] In the noise extractor 181, a non-linear-charac-
teristics processor 183 executes non-linear processing
on the partial input video signal S1PB and the partial
difference signal S16PB of each band to output noise
components S1NB and S16NB. Furthermore, in accord-
ance with the configuration of the non-linear-character-
istics processor 183, a non-linear-characteristics setting
unit 184 sets the characteristics of the non-linear-char-
acteristics processor 183 for each band on the basis of
the noise-level measurement result S7B for each band.
The characteristics for each band are set similarly to the
tenth embodiment described earlier.

[0177] Furthermore, similarly to the blending unit 161,
a blending unit 185 combines signals output from the
noise extractor 181 on a band-by-band basis. Further-
more, contrary to the band divider 173, a band combiner
186 combines signals output from the blending unit 185
for a plurality of bands to output a noise signal S19.
[0178] According to this embodiment, with an effective
configuration of a measurement unit for noise-level
measurement on a band-by-band basis, noise level is
reduced for each band. Thus, noise level can be reduced
more reliably. That is, noise can be reduced effectively
while suppressing motion blurring, blurring in texture por-
tions, or the like. Furthermore, noise having large com-
ponents at specific frequency bands can be reduced
more effectively. Examples of such noise having large
components at specific frequency bands include clamp
noise, RF noise, MPEG compression noise, and the like.
[0179] Furthermore, by correcting noise confidences
according to flatness degrees detected for individual
bands, noise level can be reduced even further.

Twelfth embodiment
[0180] Fig. 52 is a block diagram showing a noise filter

according to a twelfth embodiment of the present inven-
tion in comparison with Fig. 48. Regarding this embodi-
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ment, parts corresponding to those in the embodiments
described above are designated by the same numerals,
and repeated description thereof will be refrained. In this
embodiment, a noise filter 191 is a 2D noise filter that
reduces noise level on the basis of only components with-
in a field or frame of the input video signal S1. Thus, a
measurement unit 192 is configured the same as the
measurement unit 111 in the seventh embodiment ex-
ceptinthatanoise-region detector 193 generates a noise
confidence S1C.

[0181] A noise extractor 194 generates a noise signal
S19 by processing the partial input video signals S1PB
divided into bands. More specifically, as shown in Fig.
53, in the noise extractor 194, a non-linear-characteris-
tics setting unit 195 determines non-linear characteristics
for each band only for the input video signal S1 on the
basis of the noise confidence S1C and the noise-level
measurement result S7B. Furthermore, in the noise ex-
tractor 194, a non-linear-characteristics processor 196
corrects the partial input video signals S1PB according
to the non-linear characteristics determined by the non-
linear-characteristics setting unit 195 to output a noise
signal S19B.

[0182] According to this embodiment, since noise level
is reduced in individual divided bands, it is possible to
reduce noise level reliably by a 2D noise filter.

Thirteenth Embodiment

[0183] Fig. 54 is a block diagram showing a noise filter
according to a thirteenth embodiment of the present in-
vention in comparison with Fig. 48. In this embodiment,
parts corresponding to those in the embodiments de-
scribed above are designated by the same numerals,
and repeated description thereof will be refrained. In this
embodiment, a noise filter 201 is an IIR noise filter that
reduces noise level on the basis of inter-field or inter-
frame difference components of the input video signal
S1. Thus, ameasurement unit202 is configured the same
as the measurement unit 131 in the ninth embodiment
except in that the configuration of the reference-video-
signal generator 143 differs and in that a noise-region
detector 203 generates the noise confidence S16C.
[0184] According to this embodiment, noise level is re-
duced in individual divided bands. Thus, it is possible to
reduce noise level reliably by a 3D IIR noise filter.

Fourteenth Embodiment

[0185] Fig. 55 is a block diagram showing the config-
uration of a noise-region detector in a noise filter accord-
ing to a fourteenth embodiment of the present invention
in comparison with Fig. 34. In this embodiment, a meas-
urement unit is configured the same as the measurement
unit 121 in the eighth embodiment except in that the con-
figuration of a noise-region detector 210 differs. The
noise-region detector 210 is configured the same as the
noise-region detector 122 shown in Fig. 34 exceptin that
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a noise-free-region detector 211 having a different con-
figuration is provided instead of the noise-free-region de-
tector 125.

[0186] When the input video signal S1 and other sig-
nals are divided into a plurality of regions (hereinafter
referred to as partial regions, regions including subtitles,
GUI components, or the like only partially, such as a re-
gion A in Fig. 56, occur. In this case, the region A is not
detected as a noise-free region when noise-free regions
are detected by simply checking activities against thresh-
olds as in the embodiments described above. That is,
according to the embodiments described above, the re-
gion A is determined as a noise region that is to be used
for noise-level measurement. This causes errors in
noise-level measurement results.

[0187] Thus, inthis embodiment, itis checked whether
each pixel is suitable for noise-level measurement, and
noise-free regions are determined on the basis of the
results of the checking. For this purpose, the noise-free-
region detector 211 checks whether each pixel is a pixel
not suitable for noise-level measurement (hereinafter re-
ferred to as a noise-free pixel) using correlation with
neighboring pixels. Thus, in the noise-region detector
210, the difference signal S16 is input to a noise-free-
pixel detector 212 of the noise-free-region detector 211.
[0188] As shown in Fig. 57, in the noise-free-pixel de-
tector 212, the difference signal S16 is input to a neigh-
boring-pixel degree-of-variation calculator 216. As
shown in Fig. 58, the neighboring-pixel degree-of-varia-
tion calculator 216 sequentially sets each pixel of the
difference signal S16 as a target pixel, and sets a local
window covering a predetermined range around the tar-
get pixel. The local window is set so as to cover a region
smaller than a partial region described earlier with refer-
ence to Fig. 7.

[0189] Furthermore, the neighboring-pixel degree-of-
variation calculator 216 detects a degree of variation be-
tween pixel values of the target pixel and each neighbor-
ing pixel in the local window. As the degree of variation,
various values indicating correlation with the neighboring
pixel, such as an absolute difference or a squared differ-
ence, can be used.

[0190] Furthermore, a similar-pixel counter 217
checks the degree of variation detected by the neighbor-
ing-pixel degree-of-variation calculator 216, counts for
each target pixel the number of neighboring pixels with
the degree of variation less than or equal to a threshold,
and outputs the count value. Thus, for each target pixel,
the similar-pixel counter 217 detects the number of neigh-
boring pixels having high correlation with the target pixel.
[0191] Athreshold checker 218 checks the count value
obtained by the similar-pixel counter 217 against a pre-
determined threshold, and detects, as noise-free pixels,
target pixels for which the number of neighboring pixels
with high correlation with the target pixel is greater than
the threshold. The threshold checker 218 outputs the re-
sult of detection of noise-free pixels in the form of noise-
free-pixel identification flags S16NFP.
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[0192] Referring back to Fig. 55, on the basis of the
noise-free-pixel identification flags S16NFP, a noise-
free-mixed-region detector 213 detects regions including
a large number of pixels having high correlation with
neighboring pixels, and outputs noise-free-mixed-region
identification flags S16NFFM. More specifically, as
shown in Fig. 59, in the noise-free-mixed-region detector
213, a noise-free-pixel-mixed-region detector 220 re-
ceives input of the noise-free-pixel identification flags
S16NFP, and counts the number of the noise-free-pixel
identification flags S16NFP for each region. Further-
more, the noise-free-pixel-mixed-region detector 220
checks the count value against a predetermined thresh-
old, and thereby detects regions including a large number
of pixels having high correlation with neighboring pixels,
indicated as a noise-free-pixel mixed region in Fig. 60A.
The noise-free-pixel-mixed-region detector 220 outputs
the result of detection in the form of a noise-free-pixel-
mixed-region identification flag.

[0193] Adelayingunit221 outputs the noise-free-pixel-
mixed-region identification flag with a delay correspond-
ing to a period for processing by a noise-free-mixed-re-
gion checker 222 provided at a subsequent stage.
[0194] On the basis of the noise-free-pixel-mixed-re-
gion identification flag output from the noise-free-pixel-
mixed-region detector 220 and the delaying unit 221, the
noise-free-mixed-region checker 222 turns on the noise-
free-mixed-region identification flag S16NFFM when the
noise-free-pixel-mixed-region identification flag for a
subject partial region is turned on, i.e., when the region
includes a large number of pixels having high correlation
with neighboring pixels. Furthermore, even when the
noise-free-pixel-mixed-region identification flag of the
subject partial region is not turned on, the noise-free-
mixed-region checker 222 turns on the noise-free-mixed-
region identification flag S16NFFM when the noise-free-
pixel-mixed-region identification flag for a partial region
adjacent to the subject partial region is turned on, i.e.,
when an adjacent partial region includes a large number
of pixels having high correlation with neighboring pixels.
[0195] Thus, as indicated by an adjacent noise-free-
pixel mixed region in Fig. 60B in comparison with Fig.
60A, the noise-free-mixed-region detector 213 deter-
mines the subject partial region as a noise-free mixed
region also when an adjacent partial region is a noise-
free-pixel mixed region, and outputs the resultin the form
of the noise-free-mixed-region identification flag
S16NFFM. In Fig. 60B, a rectangular frame indicated by
a thick line represents a region that is used to determine
the value of the noise-free-pixel-mixed region identifica-
tion flag for the subject partial region.

[0196] A measurement-validity checker 214 is config-
ured the same as the measurement-validity checker 126
shown in Fig. 34 except in that the activity S16A is output
on the basis of the noise-free-mixed-region identification
flag S16NFFM instead of the noise-free-region detection
flag S16NFF.

[0197] According to this embodiment, pixels having
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high correlation with neighboring pixels are detected, and
regions including a large number of pixels having high
correlation with neighboring pixels are excluded from
noise-level measurement on the basis of the result of
detection. Thus, regions with any doubt are not used for
noise-level measurement. Accordingly, noise level can
be detected reliably by avoiding the effects of subtitles,
GUI components, or the like more effectively.

[0198] More specifically, the degree of variation indi-
cating the degree of non-correlation with neighboring pix-
els is detected for each pixel, the number of pixels having
high correlation with neighboring pixels in each partial
region is detected on the basis of the degree of variation,
and regions including a large number of pixels having
high correlation with neighboring pixels are detected.
Thus, noise level can be detected reliably.

[0199] Furthermore, by detecting the degree of varia-
tion using a difference signal, the degree of variation can
be detected by simple calculation in the form of an ab-
solute difference, a squared difference, or the like.
[0200] Furthermore, even when an adjacent region,
not the subject region, includes a large number of pixels
having high correlation with neighboring pixels, the sub-
ject region is excluded from noise-level measurement.
Thus, noise level can be detected accurately by avoiding
the effects of subtitles, GUI components, or the like.

Fifteenth Embodiment

[0201] Fig. 61 is a block diagram showing the config-
uration of a noise-region detector in a noise filter accord-
ing to a fifteenth embodiment of the present invention in
comparison with Figs. 1 and 55. In this embodiment, a
measurement unit is configured the same as the meas-
urement unit in the first embodiment except the configu-
ration of a noise-region detector 230 shown in Fig. 61.
The noise-region detector 230 is configured the same as
the noise-region detector 18 shown in Fig. 1 except in
that a noise-free-region detector 231 is provided instead
of the noise-free-region detector 23.

[0202] A noise-free-region detector 231 is configured
the same as the noise-free-region detector 211 shown
in Fig. 55 except in that a noise-free-pixel detector 232
and a noise-free-mixed-region detector 233 are provided
instead of the noise-free-pixel detector 212 and the
noise-free-mixed-region detector 213. The noise-free-re-
gion detector 231 is configured the same as the noise-
free-region detector 211 except in that the noise-free-
region detector 231 generates noise-free-pixel identifi-
cation flags SINFP and S11NFP and noise-free-mixed-
region identification flags SINFFM and S11NFFM for the
input video signal S1 and the reference video signal S11
similarly to the case of the difference signal S16. A meas-
urement-validity checker is configured the same as the
measurement-validity checker 24 shown in Fig. 1 except
in that the measurement-validity checker 234 outputs the
activities S1A, S11A, and S16A on the basis of the noise-
free-mixed-region identification flags S1NFFM,
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S11NFFM, and S16NFFM instead of the noise-free-re-
gion detection flags SINFF, S11NFF, and S16NFF.

[0203] According to this embodiment, it is checked
whether each region is suitable for noise-level measure-
ment in consideration of neighboring partial regions also
regarding the input video signal and the reference video
signal as well as the difference signal. Thus, noise level
can be detected reliably by avoiding the effects of subti-
tles, GUI components, or the like even more effectively.

Sixteenth Embodiment

[0204] Fig. 62 is a block diagram showing the config-
uration of a noise-region detector in a noise filter accord-
ing to a sixteenth embodiment of the present invention
in comparison with Figs. 31 and 55. In this embodiment,
ameasurement unit is configured the same as the meas-
urement unit in the sixth embodiment except the config-
uration of a noise-region detector 240 shown in Fig. 62.
The noise-region detector 240 is configured the same as
the noise-region detector 102 shown in Fig. 31 exceptin
that a noise-free-region detector 241 is provided instead
of the noise-free-region detector 107.

[0205] Furthermore, the noise-free-region detector
241 is configured the same as the noise-free-region de-
tector 211 shown in Fig. 55 except in that a noise-free-
pixel detector 242 and a noise-free-mixed-region detec-
tor 243 are provided instead of the noise-free-pixel de-
tector 212 and the noise-free-mixed-region detector 213.
The noise-free-pixel detector 242 and the noise-free-
mixed-region detector 243 are configured the same as
the noise-free-pixel detector 212 and the noise-free-
mixed-region detector 213 except in that the noise-free-
pixel detector 242 and the noise-free-mixed-region de-
tector 243 processes the input video signal S1 instead
of the difference signal S16 to generate a noise-free-pixel
identification flag STNFP and a noise-free-mixed-region
identification flag S1NFFM. A measurement-validity
checker 244 is configured the same as the measurement-
validity checker 108 shown in Fig. 31 except in that the
measurement-validity checker 244 outputs the activity
S1A on the basis of the noise-free-mixed-region identifi-
cation flag SINFFM instead of the noise-free-region
identification flag STNFF.

[0206] According to this embodiment, regarding the in-
put video signal, it is checked whether each region is
suitable for noise-level measurement in consideration of
neighboring partial regions. Also with this embodiment,
advantages similar to those of the thirteenth embodiment
can be achieved.

Seventeenth Embodiment

[0207] Althoughthe embodiments described above re-
late to noise filters, without limitation to noise filters, the
present invention can be applied to various types of
processing of video signals.

[0208] Furthermore, although noise filters are imple-
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mented by hardware in the embodiments described
above, without limitation to hardware, the present inven-
tion may be implemented by execution of a program by
a processing unit. In this case, the program may be pro-
vided in a preinstalled form. Alternatively, the program
may be provided as recorded on a recording medium,
such as an optical disc, a magnetic disc, or a memory
card. Furthermore, the program may be provided by
downloading via a network, such as the Internet.
[0209] It should be understood by those skilled in the
art that various modifications, combinations, sub-combi-
nations and alterations may occur depending on design
requirements and other factors insofar as they are within
the scope of the appended claims or the equivalents
thereof.

Claims

1. A video-signal processing method for measuring a
noise level of an input video signal, the video-signal
processing method comprising the steps of:

detecting an intra-field or intra-frame feature for
each region that is set in the input video signal,
the intra-field or intra-frame feature representing
a noise level in the input video signal within a
field or frame;

checking the intra-field or intra-frame feature
against a noise-free-region threshold, and ex-
cluding regions with which the intra-field or intra-
frame feature is less than the noise-free-region
threshold from subjects of noise-level measure-
ment; and

outputting a result of noise-level measurement
by statistically processing the intra-field or intra-
frame features of regions remaining without be-
ing excluded.

2. The video-signal processing method according to
Claim 1, further comprising the steps of:

generating a reference video signal that is de-
layed relative to the input video signal;
detecting the intra-field or intra-frame feature in
the reference video signal for each region that
is set in the reference video signal; and
checking the intra-field or intra-frame feature in
the reference video signal against the noise-
free-region threshold, and excluding each re-
gion with which the intra-field or intra-frame fea-
ture is less than the noise-free-region threshold
from subjects of noise-level measurement;

wherein the step of measuring a noise level outputs
the noise-level measurement result by statistically
processing the intra-field or intra-frame features of
regions of the reference video signal remaining with-
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out being excluded as well as the regions of the input
video signal remaining without being excluded.

3. The video-signal processing method according to
Claim 1, further comprising the steps of:

generating an inter-field or inter-frame differ-
ence signal of the input video signal;

detecting the intra-field or intra-frame feature in
the difference signal for each region that is set
in the difference signal; and

checking the intra-field or intra-frame feature in
the difference signal against the noise-free-re-
gion threshold, and excluding each region with
which the intra-field or intra-frame feature is less
than the noise-free-region threshold from sub-
jects of noise-level measurement;

wherein the step of measuring a noise level outputs
the noise-level measurement result by statistically
processing the intra-field or intra-frame features of
regions of the difference signal remaining without
being excluded as well as the regions of the input
video signal remaining without being excluded.

4. The video-signal processing method according to

Claim 1,

wherein the step of detecting an intra-field or intra-
frame feature includes the step of generating an in-
ter-field or inter-frame difference signal of the input
video signal, and

wherein the intra-field or intra-frame feature in the
input video signal is detected by detecting the intra-
field or intra-frame feature in the difference signal for
each region that is set in the input video signal.

5. The video-signal processing method according to
any one of the preceding claims, further comprising
the steps of:

detecting an average value of pixel values in the
input video signal for each region that is set in
the input video signal; and

checking the average value against an average-
value threshold to detect regions having a pos-
sibility of suppression of noise mixed into the
input video signal, and excluding the regions
from subjects of the step of measuring a noise
level.

6. The video-signal processing method according to
any one of the preceding claims, further comprising
the steps of:

detecting a minimum value in an effective region
by collecting the intra-field or intra-frame fea-
tures of individual regions;

setting an upper threshold corresponding to the
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minimum value in the effective region; and
checking the intra-field or intra-frame features
against the upper thresholds to detect regions
with which the intra-field or intra-frame feature
is greater than the upper threshold, and exclud-
ing the regions from subjects of the step of meas-
uring a noise level.

The video-signal processing method according to
any one of the preceding claims,

wherein the step of measuring a noise level deter-
mines the number of regions excluded from subjects
of measurement for each field or frame, and outputs
the noise-level measurement result by holding a pre-
vious value when the number of regions is greater
than a predetermined value.

The video-signal processing method according to
any one of the preceding claims, further comprising
the steps of:

detecting an average value of pixel values in the
input video signal for each region that is set in
the input video signal; and

calculating a degree of saturation on the basis
of the average value, and correcting the intra-
field or intra-frame feature on the basis of the
degree of saturation;

wherein, inthe step of checking the intra-field or intra-
frame feature, the corrected intra-field or intra-frame
feature is checked against the noise-free-region
threshold.

The video-signal processing method according to
Claim 6, further comprising the steps of:

detecting a noise-free minimum value by collect-
ing the intra-field or intra-frame features of the
regions excluded from the subjects of noise-lev-
el measurement; and

detecting an occupancy ratio indicating a ratio
of the regions excluded from the subjects of
noise-level measurement in one field or frame;

wherein the intra-field or intra-frame features are
checked while changing the minimum value in the
effective region closer to the noise-free minimumval-
ue as the occupancy ratio increases, and

wherein regions with which the intra-field or intra-
frame feature is less than the minimum value in the
effective region are excluded from the subjects of
the step of measuring a noise level.

The video-signal processing method according to
any one of the preceding claims, further comprising
the steps of:
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dividing the input video signals into a plurality of
bands for each region that is set in the input vid-
eo signal;

detecting a frequency-domain feature for each
of the plurality of bands, the frequency-domain
feature representing a noise level in the input
video signal; and

outputting a noise-level measurement result for
each of the plurality of bands by statistically
processing the frequency-domain feature for
each region included in the subjects of noise-
level measurement in the step of measuring a
noise level.

The video-signal processing method according to
Claim 10,

wherein the number of regions included in the sub-
jects of the step of measuring a noise level is
changed on the basis of a spectral flatness detected
for each of the plurality of bands.

The video-signal processing method according to
any one of the preceding claims, further comprising
the step of:

performing filtering to suppress noise in the input
video signal while changing the degree of noise
suppression on the basis of the noise-level
measurement result.

The video-signal processing method according to
Claim 12,

wherein the step of performing filtering includes the
steps of

detecting a difference noise component with respect
to a temporal direction on the basis of an inter-field
or inter-frame difference;

detecting an intra-field or intra-frame noise compo-
nent within one field or frame;

performing weighted addition of the difference noise
component and the intra-field or intra-frame noise
component to generate a noise correction signal;
subtracting the noise correction signal from the input
video signal;

detecting a noise confidence on the basis of the fre-
quency-domain feature, the noise confidence indi-
cating the noise-level measurement result for each
region; and

setting a blending ratio on the basis of the noise con-
fidence, the blending ratio defining a ratio of weights
used in the weighted addition.

The video-signal processing method according to
Claim 13,

wherein the noise correction signal is generated by
suppressing components with large amplitudes on
the basis of the noise confidence.
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The video-signal processing method according to
Claim 10, further comprising the step of:

performing filtering to suppress noise in the input
video signal while changing the degree of noise
suppression for each of the plurality of bands on
the basis of the noise-level measurement result
of the relevant band.

The video-signal processing method according to
Claim 15,

wherein the step of performing filtering includes the
steps of

detecting a difference noise component for each of
the bands with respect to a temporal direction on the
basis of an inter-field or inter-frame difference;
detecting an intra-field or intra-frame noise compo-
nent within one field or frame for each of the bands;
performing weighted addition of the difference noise
component and the intra-field or intra-frame noise
component for each of the band to generate a noise
correction signal;

subtracting the noise correction signal from the input
video signal;

detecting a noise confidence on the basis of the fre-
quency-domain feature, the noise confidence indi-
cating the noise-level measurement result for each
region; and

setting a blending ratio on the basis of the noise con-
fidence, the blending ratio defining a ratio of weights
used in the weighted addition.

The video-signal processing method according to
Claim 16,

wherein, in the step of detecting a noise confidence,
the noise confidence is corrected on the basis of a
spectral flatness detected for each of the plurality of
bands.

A program of a video-signal processing method for
measuring a noise level of an input video signal, the
program comprising the steps of:

detecting an intra-field or intra-frame feature for
each region that is set in the input video signal,
the intra-field or intra-frame feature representing
a noise level in the input video signal within a
field or frame;

checking the intra-field or intra-frame feature
against a noise-free-region threshold, and ex-
cluding regions with which the intra-field or intra-
frame feature is less than the noise-free-region
threshold from subjects of noise-level measure-
ment; and

outputting a result of noise-level measurement
by statistically processing the intra-field or intra-
frame features of regions remaining without be-
ing excluded.
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19. A recording medium having recorded thereon a pro-

gram of a video-signal processing method for meas-
uring a noise level of an input video signal, the pro-
gram comprising the steps of:

detecting an intra-field or intra-frame feature for
each region that is set in the input video signal,
the intra-field or intra-frame feature representing
a noise level in the input video signal within a
field or frame;

checking the intra-field or intra-frame feature
against a noise-free-region threshold, and ex-
cluding regions with which the intra-field or intra-
frame feature is less than the noise-free-region
threshold from subjects of noise-level measure-
ment; and

outputting a result of noise-level measurement
by statistically processing the intra-field or intra-
frame features of regions remaining without be-
ing excluded.

20. A video-signal processing apparatus for measuring

anoise level of an input video signal, the video-signal
processing apparatus comprising:

an intra-field or intra-frame feature detector con-
figured to detect an intra-field or intra-frame fea-
ture for each region that is set in the input video
signal, the intra-field or intra-frame feature rep-
resenting a noise level in the input video signal
within a field or frame;

a noise-free-region processor configured to
check the intra-field or intra-frame feature de-
tected by the intra-field or intra-frame feature de-
tector against a noise-free-region threshold, and
to exclude regions with which the intra-field or
intra-frame feature is less than the noise-free-
region threshold from subjects of noise-level
measurement; and

a noise-level measurement unit configured to
output a result of noise-level measurement by
statistically processing the intra-field or intra-
frame features of regions remaining without be-
ing excluded by the noise-free-region proces-
SOr.

21. A video-signal processing method for measuring a

noise level of an input video signal, the video-signal
processing method comprising the steps of:

detecting an intra-field or intra-frame feature for
each region that is set in the input video signal,
the intra-field or intra-frame feature representing
a noise level in the input video signal within a
field or frame;

detecting pixels having high correlation with
neighboring pixels from the input video signal,
and excluding regions including a large number
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of pixels having high correlation with neighbor-
ing pixels from subjects of noise-level measure-
ment on the basis of results of the detection; and
outputting a result of noise-level measurement
by statistically processing the intra-field or intra-
frame features of regions remaining without be-
ing excluded.

The video-signal processing method according to
Claim 21,

wherein the step of detecting pixels and excluding
regions includes the steps of

detecting a degree of variation for each pixel in the
input video signal, the degree of variation indicating
a degree of non-correlation with neighboring pixels;
detecting the number of pixels with high correlation
with the neighboring pixels for each region on the
basis of the degree of variation; and

detecting regions including a large number of pixels
having high correlation with the neighboring pixels
on the basis of the number of pixels detected.

The video-signal processing method according to
Claim 22,

wherein the step of detecting pixels and excluding
regions includes the step of generating an inter-field
orinter-frame difference signal of the input video sig-
nal, and

wherein the step of detecting a degree of variation
detects the degree of variation on the basis of the
difference signal.

The video-signal processing method according to
Claim 21, 22 or 23,

wherein, in the step of detecting pixels and excluding
regions, regions including a large number of pixels
having high correlation with the neighboring pixels,
and regions having neighboring regions including a
large number of pixels having high correlation with
the neighboring pixels are excluded from the sub-
jects of noise-level measurement.

A program of a video-signal processing method for
measuring a noise level of an input video signal, the
program comprising the steps of:

detecting an intra-field or intra-frame feature for
each region that is set in the input video signal,
the intra-field or intra-frame feature representing
a noise level in the input video signal within a
field or frame;

detecting pixels having high correlation with
neighboring pixels from the input video signal,
and excluding regions including a large number
of pixels having high correlation with neighbor-
ing pixels from subjects of noise-level measure-
ment on the basis of results of the detection; and
outputting a result of noise-level measurement
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by statistically processing the intra-field or intra-
frame features of regions remaining without be-
ing excluded.

26. A recording medium having recorded thereon a pro-

gram of a video-signal processing method for meas-
uring a noise level of an input video signal, the pro-
gram comprising the steps of:

detecting an intra-field or intra-frame feature for
each region that is set in the input video signal,
the intra-field or intra-frame feature representing
a noise level in the input video signal within a
field or frame;

detecting pixels having high correlation with
neighboring pixels from the input video signal,
and excluding regions including a large number
of pixels having high correlation with neighbor-
ing pixels from subjects of noise-level measure-
ment on the basis of results of the detection; and
outputting a result of noise-level measurement
by statistically processing the intra-field or intra-
frame features of regions remaining without be-
ing excluded.

27. A video-signal processing apparatus for measuring

anoise level of an input video signal, the video-signal
processing apparatus comprising:

an intra-field or intra-frame feature detector con-
figured to detect an intra-field or intra-frame fea-
ture for each region that is set in the input video
signal, the intra-field or intra-frame feature rep-
resenting a noise level in the input video signal
within a field or frame;

a noise-free-region processor configured to de-
tect pixels having high correlation with neighbor-
ing pixels from the input video signal, and to ex-
clude regions including a large number of pixels
having high correlation with neighboring pixels
from subjects of noise-level measurement on
the basis of results of the detection; and

a noise-level measurement unit configured to
output a result of noise-level measurement by
statistically processing the intra-field or intra-
frame features of regions remaining without be-
ing excluded.
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